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BRITISH MADE 


FOR AIRCRAFT 


ELCO ELECTRIC MOTORS comprise a 

most adaptable, yet simple range for ancillary 
aircraft equipment. Designing to obtain maximum 
power with minimum weight has achieved a very 
high output per lb. weight of motor without the 
necessity of operation at excessive speeds. 


Typical aircraft applications of Delco Electric 
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FEBRUARY NOTICES 1948 


* JOURNAL PREMIUM AWARDS 


The Council have set aside an annual sum of £250 for the award of premiums for 
papers published in the Journal and the Council hope that members (or 
non-members) will contribute papers on their own special subjects. 


CONTENTS OF FEBRUARY JOURNAL 
Problems Facing Civil Air Operations, by N. E. Rowe, C.B.E., B.Sc., D.I.C., F.R.Ae.S. 
Production of Lift Independently of Incidence—A review of the principles of the Thwaites 
Flap, the design of suitable aerofoils and some experimental results, by Bryan Thwaites. 
Kinematics of Undercarriage Retraction, by H. G. Conway, M.A., F.R.Ae.S. 


NEW YEAR’S HONOURS—JANUARY 1948 
The following members received awards in the New Year’s Honours Lists: — 


Knights Batchelor 
H. R. Rieardo, F.R.S. (Fellow). 
R. V. Southwell, F.R.S. (Fellow). 


K.B.E. 
Sir Frank Spriggs (Honorary Fellow). 
G.B.E. (Military Division) 
Air Chief Marshal Sir Guy Garrod (Assoeiate) . 


C.B.E. 
Major F. B. Halford (Fellow). 
Mr. F. A. King (Associate Fellow). 
Major A. A. Ross (Fellow). 


O.B.E. 
Mr. R. N. Dorey (Fellow). 
Mr. J. P. Jeffcock (Fellow). 
Capt. A. G. Store (Associate Fellow). 


A.F.C. (Royal Navy) 
Lt. Commander S. G. Orr, D.S.C. (Associate). 


JOINT AERONAUTICAL CONFERENCE 


The complete proceedings of the Joint Aeronautical Conference held from 3rd to 5th 
September 1947 is expected to be ready in April. The volume, of some 700-800 pages, 
will contain the 20 British and American papers read at the Conference, together with the 

mdiscussion on each, and a list of- members. 

m. The cost to members of the Conference will be £2 12s. 6d. per volume and to non- 
oa members of the Conference, £3 12s. 6d. per volume. A strictly limited number will be 
Meeptinted and orders for the volume should be received by 1st March 1948 at the latest, to 

disappointment. 


Remittances, payable to: Aerial Science Ltd.; should be sent with orders. 
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NOTICES 


PRESENTATION OF THE WAKEFIELD GOLD MEDAL 


The Wakefield Gold Medal was presented to Mr. Edwin A. Link on 17th December 1947 
at the U.S. Chamber of Commerce in Washington, immediately before the Eleventn 
Wright Brothers Lecture was read by Professor Sydney Goidstein, F.R.Ae.S., to the 
Institute of the Aeronautical Sciences. The presentation was made by Air Chief Marsha! 
Sir Guy Garrod, K.C.B., O.B.E., M.C., D.#.C., on behalf of the British Ambassador in 
Washington. 

As reported in the Journal for December 1947 (page 947), the medal was formally 
presented by the President to Mr. L. Satterthwaite, Civil Air Attaché at the American 
Embassy, on 9th net 1947, as Mr. Link was unable to be present in this country at 
that time. 


EVOLUTION OF THE DESIGN OF AN AEROPLANE, by Professor R. L. Lickley, 
B.Sc., D.I.C., F.R.Ae.S.—Summary of Lecture to be given on Thursday, 26th February 
1948. 

The paper deals ‘with design processes which take place betwee the initial conception 
of a design and the proving flights of the prototype aeroplane. 

It considers the effect of the specification on the basic design chosen and discusses the 
impact of requirements on the project work and throughout the course of the design. 

The various stages of completion are examined in relation to their effect on the overall 
design and the time taken to complete the design. — 

Possible pitfalls are examined and means of overcoming them described. The effect of 
office arrangements and duties on the efficient completion is also discussed. 

To give substance to the paper a possible specification is gone into in general terms and 
it is used as a link in this study of the evolution.of a design. 

In a short conclusion, the possibility of improved training of draughtsmen and technicians 
is put forward as a means of cutting down design time and eliminating a number of the 
present troubles. Suggestions as to how this can be done and some mention of the problems 
to be overcome in this, complete the paper. 


FLIGHT TESTING AT HIGH SUBSONIC SPEEDS by H. Davies, B.A., M.Sc., 
A.F.R.Ae.S.—Summary of Lecture to be given on Thursday, 18th March 1948. 

A survey will be made of recent developments in flight research at high Mach numbers, 
with special reference to work done at the Royal Aircraft Establishment. 

The methods and technique of flight testing at high speeds will be described in detail and 
the limitations imposed by inherent difficulties of: the work discussed. Refinements in 
instrumentation needed to cope with high Mach number phenomena will also be discussed. 

Flight measurements of compressibility effects on drag, lift, stability and control 
characteristics and so on, will be analysed, with the aid of pressure distributions, wake- 
measurements and observations of the flow by means of tufts. The precise origin of the 
drag rise will be discussed in some detail, with particular reference to scale effects. 
Considerable emphasis will be placed on comparisons with wind tunnel and other model 
tests, since it is felt that this constitutes probably the most important aspect of flight 
research at high speeds. It will be shown that over a wide range of problems existing 
high speed wind tunnels can give results directly applicable to flight conditions. 

Finally, some consideration will be given to future trends in flight research and suggestions 
made regarding the best methods of dealing with the problems likely to arise. 
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NOTICES 


AIR TRAFFIC CONTROL by Professor A. A. Hall, M.Sc., M.A., F.R.Ae.S.—Synopsis 
of the introductory statement to be made by Professsor Hall at the second session (morning) 
of the All-Day Discussion on “Safety in Civil Aviation’’ on Saturday, 3rd April 1948. 

The term “‘ Air Traffic Control ’’ embraces the following issues:— 


(i) The control of the movement of aircraft on the airport, before take off and after 
landing. 


(ii) The control of the take-off, if necessary in conditions of low visibility. 

(iii) The navigation of the aircraft and the maintenance of its schedule. 

(iv) The’ safety of the aircraft from collision with other aircraft, or with obstacles, 
both en route and when in the vicinity of an airport about which there is a heavy traffic 
density. 

(v) The control of the landing of aircraft if necessary in conditions of low visibility. 

Aim 
The aim is to produce a combination of technical arrangements ,which, with due regard 


for the paramount need for safety, solves the traffic control problem in all its aspects, as 
set out above, with maximum overall economy. 


The Balance of Economy 
The following factors are among those which influence the economic balance:— 
(i) The capital and running costs of the ground and airborne control equipment. 
(ii) The utilisation of aircraft and airports which the system allows. 
(iii) The loss of payload caused by the weight of airborne equipment and the weight 
of fuel which must be carried to allow an aircraft to submit to control (either by delay, 
by operating at specified height and speed, or by proceeding elsewhere). 
The Influence of Aircraft Performance 

The control system near an airport aims at securing an nies arrival pattern by delaying 
or speeding aircraft in flight. The ability of the aircraft to operate economically over a range 
of speed and height dictates its flexibility for control. Piston-propelled aircraft are the most 
flexible; jet-propelled aircraft are extremely inflexible. Present control systems already 
present difficulties for piston-provelled machin°s: jet air liners may be doomed economically, 
until control systems suited to their characteristics are devised. Z 
Principles of Control 

Control systems can be classified roughly by the extent to which mandatory authority 
rests with the captain of the aircraft or with officers on the ground. There is controversy 


of both an administrative and a technical nature on the desirable and necessary ee 
of authority. 


THE PHYSIOLOGICAL ASPECTS OF AIR SAFETY, by Dr. K. G. Bergin, M.A., M.B., 
A.F.R.Ae.S. 


Summary of the introductory statement to be made by Dr. Bergin at the third session 
(afternoon) of the All-Day Discussion on ‘“‘Safety in Civil Aviation” on Saturday, 3rd 
April 1948. 

Skilled pre-selection of air crew at the earliest stages of training is a vital matter; unwise 
or careless selection may result in a breakdown with disastrous results when an emergency 
arises. Elimination of such personnel, prior to their taking up flying duties, is both 
economical and conducive to greater safety in the air. 
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NOTICES 


A high standard of day, night and colour vision is .essential for flying and accurate 
hearing is important for communications and interpretation of landing aids. Among other 
factors which influence night vision adversely are lack of oxygen, alcohol and smoking, 
while the noises present in flying may result in progressive deafness for which there is no 
cure; wherever possible, therefore, its onset should be prevented by suitable sound insulation. 

The importance of oxygen in flying is now fully established. Lack of oxygen results in 
deterioration in all forms of judgment and critical faculties. Reaction times are slowed 
and co-ordination decreased. The effects of alcohol on flying in many ways resemble 
oxygen lack with a demonstrdble lowering of efficiency. 

Accurate equilibrium is essential for safe flying, and the main factors responsible for this 
are vision and a part of the brain called the labyrinth, the latter being responsible for 
pogitional awareness and sensations of rotation. A conflict of any of these sensations may 
lead to grave disorientation with fatal results. 

Fatigue in flying requires careful watching, because when a man is fatigued his reaction 
times are slower, his responses to stimuli less accurate, and he is liable to make errors which 
he would not otherwise do. Its prevention and cure is a matter of great importance where 
air safety is concerned. 


LECTURE PROGRAMME—1948 


The Lectures will be held at 6 p.m. in the Lecture Hall of the Institution of Civil 
Engineers, Great George Street, S.W.1 (by permission of the Council of the Institution) 
unless otherwise stated. Tea will be served at 5.30 p.m. 
Visitors are welcome, but should obtain tickets through a member of the Society. 
Thursday, 12th February 1948—The Aerodynamics of the Gas Turbine, by A. R. Howell. 
Thursday, 26th February 1948—The Evolution of the Design of an Aeroplane, by 
Professor R. L. Lickley, B.Sc., D.I.C., F.R.Ae.S. 

Thursday, 18th March 1948—Flight Testing at High Subsonic Speeds, by H. Davies, 
B.A., M.Sc., A.F.R.Ae.S. 

Saturday, 3rd April 1948—FULL DAY DISCUSSION ON SAFETY IN CIVIL 


AVIATION. Introductory Statements only will be made. Each will be followed by 
open discussion. 


Morning Session 


11 a.m.—Air Vice-Marshal D. C. T. Bennett, C.B., D.S.O., F.R.Ae.S., on The 
Economics of Safety. 


12 noon—Professor A. A. Hall, M.Sc., M.A., F.R.Ae.S., on The Problems of Air Traffic 


Control. 
1-2.30 p.m.—Luncheon Interval. Members and visitors should make their own arrange- 
ments for lunch. 


Afternoon Session 


2.30 p.m.—K. G. Bergin, M.A:, M.D., M.B., B.Chir., M.R.C.S., L.R.C.P. 
A.F.R.Ae.S., on Physiological Aspects of Safety. 
3.30 p.m.—General Discussion. 
4.30-5 p.m,—Tea interval (tea provided). 
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NOTICES 


Evening Session 
5-6.30 p.m.—General Discussion and summing-up. ~ 
Thursday, 15th April 1948—The Aerodynamic Problems of High Altitude Design, by 
W. E. W. Petter, B.A., F.R.Ae.S. 


Thursday, 27th May 1948—The 36th Wilbur Wright scams Lecture will be read by 
A. B.Se., F.R.Ae.S. 


BELFAST BRANCH 
Tuesday, 24th February 1948—Evening of lecturettes. 
Tuesday, 16th March 1948—Inside Occupied Japan, . William Courtenay, M.M., 
A.R.AeS. - 
All meetings are held at the Assembly Hall, Belfast College of Technology, at 7.30 p.m. 


BRISTOL BRANCH 


Wednesday, 11th February 1948—The Design of a Large Naval Vessel, by H. S. 
Pengelley, R.C.N.C., M.Inst.N.A., Assistant Director of Naval Construction, 
Admiralty. 

Monday, 23rd February 1948—Accidents and Their Investigation, by Air Commodore 
Vernon Brown, C.B., O.B.E., M.A., F.R.Ae.S., Accidents Investigation Branch, 
. Ministry of Civil Aviation. 

Wednesday, 3rd March 1948—Reading of Prize-winning Papers by Junior Members. 

Monday, 22nd March 1948—Operation of Civil Transport Aircraft, by N. E. Rowe, 
C.B.E., F.R.Ae.S., Controller of Research and Long Term Development, British 
European Airways. 

Wednesday, 14th April 1948—Film Night and Annual General Meeting. 


All meetings will be held in the Conference Room, Bristol Aeroplane Co. Ltd., Filton 
House, at 6.0 p.m. 


GLOUCESTER AND CHELTENHAM BRANCH 
Thursday, 4th March 1948—A film, ‘‘Castings and Forgings.’’ Introduced by G. F. 
Ingram—at Gloucester. 
Wednesday, 7th April 1948—-Annual General Meeting followed by Film—at Cheltenham. 


Gloucester meetings are held in the Wheatstone Hall, City Library, Brunswick Road, 
Gloucester, at 7.30 p.m. on Thursdays. 


Cheltenham meetings are held in the Chemistry Lecture Theatre, Grammar School, 
Cheltenham, at 7.30 p.m. on Wednesdays. 


LUTON BRANCH 
Wednesday, 7th April 1948—Rocket Propulsion and Inter-Planetary Flight, by A. V. 
Cleaver, A.R.Ae.S., at the George Hotel, Luton, at 7 p.m. 


MANCHESTER BRANCH 
Thursday, 26th February 1948—Naval Aircraft, by Captain Fancourt. 
Thursday, 1st April 1948—Flight Refuelling, by C. H. Latimer-Needham. 


Meetings will be held at the Reynolds Hall, College of Technology, at 7.30 p.m. 


PRESTON BRANCH 


Wednesday, 10th March 1948—Bird Flight, by Captain J. L. Pritchard, Hon. F.R.Ae.S. 
At the Harris Technical College, Preston, at 7.15 p.m. 
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NOTICES 


SOUTHAMPTON BRANCH 
Wednesday, 3rd March 1948—A —— of Fighter Handling Qualities from 1936 to the 
Present day, by J. K. Quill, O.B.E., A.F.C., Chief Test Pilot, Supermarine Works, 
Vickers-Armstrongs Ltd. 
At University College, at 7 p.m. 


YEOVIL BRANCH 

Thursday, 12th February 1948—The Probable Role and Influence of Aircraft in Future 
Warfare, by Air Marshal Sir Robert H. M. S. Saundby, K.B.E., C.B., M.C., D.F.C., 
A.F.C, 

Wednesday, 25th February 1948—Helicopter Aerodynamics and Mechanics, by O. L. L. 
Fitzwilliams, B.A. 

Thursday, 11th March 1948—Title to be fixed; P. G. Masefield, M.A.(Eng.), F.R.Ae.S. 

Thursday, 25th March 1948—Recent Developments in Flying Boats, by H. Knowles, 
F.R.AeS. 

Thursday, 1st April 1948—Annual General Meeting and Film. 

Meetings are usually held at the Park School, Prince’s Street, Yeovil, at 6.30 p.m. 


GRADUATES’ AND STUDENTS’ SECTION 
Wednesday, 25th February 1948—Suction Aerofoils, by B. Thwaites, Department of Aero- 
nautics, Imperial College of Science and Technology. 
Wednesday, 14th April 1948—The Influence of the Recent Civil Airworthiness Require- 
ments on Civil Aircraft Design, by W. Tye, B.Sc., F.R.Ae.S., Air Registration Board. 
Tuesday, 11th May 1948—The Light Aeroplane and the Pune of Private Flying, by 
P. G. Masefield, M.A., F.R.Ae.S., Director General of Long Term Planning and 
Projects, Ministry of Civil Aviation. 
All meetings will be held in the Library of the Royal Aeronautical Society, 4 Hamilton 
Place, W.1, at 7.30 p.m. 
ASSOCIATE FELLOWSHIP EXAMINATION—MAY 1948 
Candidates who wish to take the Associate Fellowship Examination in May should send 
in their entry forms by 28th February 1948. 
ANNUAL SUBSCRIPTIONS OF MEMBERS 


Members are reminded that their annual subscriptions became due on Ist January 1948. 


F 


The present rates are:— HoME ABROAD 
£.s. d, 

Fellows F ei § 5 0 4 4 0 

Associates *3 3 0 
Graduates (aged 21- 95) . £2238 
Graduates (aged 26-28) .. > «4 
Students (aged under 21) 
Students (aged 21 and over) 111 6 111 6 
Companions 33 0 3 3 0 
Founder Members 2:2 0 


* Any Associate elected before Ist Dodie 1947 may, if he wishes, elect not to receive 
the Journal, and in this case his subscription will be reduced by £1 1s. 0d. 

It will avoid delay and confusion when sending remittances for subscriptions if members 
will state their name clearly and give their address and grade of membership. 
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NOTICES 


CHANGES OF ADDRESS 
To assist in keeping the records of members correct and up to date the Secretary will be 
glad if all members will notify him as soon as possible of changes of address. — 
When notifying changes please give the following particulars: — 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 


Changes of address must be received before the 15th of the month in order to be effective 
for the Journal for the following month. 


JOURNAL BINDING 
Because of increased costs, the prices of binding of Journals will be as follows:— 
1947 Volume 15/-. 
Previous Volumes 17/-. 


Journals should be sent direct to The Lewes Press, Friars Walk, Lewes, Sussex, and the 
remittance to the Secretary at the office of the Society. 


NEW MEMBERS 


Associate Fellows 

Thomas Edward Garth Bowden (from Graduate), Venkatachalam Cadambe, Richard 
William Spencer Cheetham, Elmer Coton (from Associate), Kenneth Douglas Drysdale, 
Charles Fletcher, Arthur Charles Frye (from Student), John Gardiner, Norman Grosvenor 
Garner (from Associate), Ernest Lawrence Harris (from Associate), Norman Alexander 
John Harry (from Graduate), Maurice Hermiston, Douglas Gilbert Hitchcock (from 
Graduate), Subramania Ramamritham, George Ingram Robinson, David John Saunders 
(from Graduate), John Henry Shelley. 
Associates 

John Edgar Boyden, William James Hall, Geoffrey Dimmock Nicoll, Francis Eustace 
Edmund Truscott, George Albert Willis. 
Graduates 

Stanley Butler (from Student), John Cecil Gibbings (from Student), Geoffrey Bransom 
Griffiths (from Student), George Ian Livingston Gunn (from Student), Derek George 
Harris, John Anthony Hay (from Student), Alfred Hucknall (from Student), Robert 
Frank Harry Kriebel, Milton Lalas, Joseph Stanley Linton, William Maurice Locke (from 
Student), Jack Harry London (from Student), Peter Ronald McFatlane (from Student), 
Gilbert McIntosh, John Brian Maw, Peter Edward Thomas Oakley (from Student), Donald 
William Bernard Owers, Colin Charles Parsons (from Student), Anthoney Mervin Peduzzi 
(from Student), Colin Walter Rhodes (from Student), Robert Welch (from Student), 
Michael George Wilde (from Student). 
Students 

Alan Frederick Constantine, Bruce Kerrill De Rouffignac, Kenneth Thomas Fulton, David 
Francis Hoare, Christopher Huggins, Murray Alleyn Lowry, Harry Hartley Malley, Richard 
Dennis William Miller, John Evan Mitchell, Philip Owen, Derek Herrington Peckham, 
Anthony Lester Pendleton, Sven Thomas Réed, Peter Travers Ross, John Tudor, Ronald 
Charles Wakeford, Edward Wood. 
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NOTICES 


ADDITIONS TO THE LIBRARY 
Pamphlets in italics with location reference following in brackets. Books marked * or 
** may not be taken out on loan. ‘ 
A.a.339—Technical Aerodynamics. Karl D Wood. McGraw Hill. 1947. 
B.c.76—Gliding and Advanced Soaring. A.C. Douglas. Murray. 1947. 
*E.f.118—Instruction Book. Maintenance and Repair, Airspeed Consul. Airspeed Limited. 
*E.f.114—Dragon Rapide Mks. II and III. Care and Maintenance Manual. De Havilland 
Aircraft Co. 
G.e.K.12—Requirements and properties of adhesives for wood. R. A. C. Knight. 
D.S.I.R. Forest Products Research Bulletin No. 20. H.M.S.O. 1946. 
L.d.116—Notices to Airmen. Nos. 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 
369, 370, 371, 372, 373, 374, 375. 
L.d.121—Applied D.R. Navigation and Flight Planning. J. H. Clough-Smith. Pitman. 
1947. 
L.d.122—Radio Aids to Navigation. R. A. Smith. Cambridge University Press. 1947. 
L.d.123—Notices to Airmen. Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 16. 


N.A.C.A. Technical Notes 

1487-Effect of aspect ratio and taper on the pressure drag at supersonic speeds of unswept 
wings at zero lift. Jack N. Nielson. 

1490—Comparative performance of two vaneless diffusers designed with different rates of 
passage curvatures for mixed-flow impellers. Frank J. Baring. 

1380—The 1350 degrees stress-rupture properties of two wrought alloys and three cast 
alloys. E. E. Reynolds, J. W. Freeman and A. E. White. 

1385—Stress-strain and elongation graphs for alclad aluminium-alloy 76S-T sheet. J. A. 
Miller. 


J. LAURENCE PRITCHARD, 
Secretary. 


Made and Printed in Great Britain by the Lewes Press. Lewes. Sussex 


wer 


Aly 


The Royal Aeronautical Society 


ACTIVITIES OF THE 
GRADUATES AND STUDENTS SECTION 


February 1948 


The Section Committee has elected Mr. J. W. F. Housego, Grad.R.Ae.S., to be 
Chairman of the Section for the remainder of the Session in place of Mr. R. J. Ross, 
who has resigned on leaving the London area. 


Included in the Section’s meetings this month is a lecture on 25th February to 
be given by Mr. Thwaites, of the Imperial College of Science and Technology, 
London. Mr. Thwaites will lecture on “ Principles of Boundary Layer Control ” 
and their application to suction aerofoils. 


The attention of members is drawn to the Section’s Annual General Meeting, 
which will be held in April. At this meeting members have an opportunity to make 
suggestions regarding the management of the Section and to decide its future policy. 


A new committee is also elected at the Annual General Meeting and holds office 
for one year. This committee should be as representative as possible of firms and 
colleges within reach of London. It is hoped, therefore, that Graduates and Students 
at firms and colleges not at present represented on the Section Committee, will 
nominate one or more of their number between now and April to serve on next 
year’s committee. 


LECTURE 


The following is a summary of a lecture on “Aircraft Design from the Airline 
Point of View” by Mr. Christopher Dykes, Deputy Chief Project Engineer to the 
British Overseas Airways Corporation, held in the Library of the Society on 12th 
December 1947. 


M. Dykes’ lecture was divided into the following parts:— 


1. General Requirements. 


There were many different routes and purposes for which an aircraft was 
needed and the requirements had to be studied in each particular case, in order to 
obtain the best aircraft design. 

Flying boats, although they possessed advantages such as superior safety and 
comfort, were more expensive to operate than landplanes. This was because of 
higher station costs, resulting from the small use of flying boats by other airlines. 


2. Capacity and Layout. 


Seating arrangement largely controlled fuselage dimensions. Suggested widths 
for seats were 24 inches, gangway widths 15 inches in small aircraft, and 24 inches 
in aircraft carrying stewards. Headroom should be 7 ft. The normal seat spacing 
was 39 inches, but this was being increased to 45-48 inches on tropical routes, and 
to 60 inches for long-range luxury aircraft. 
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The optimum method of conversion from seats to bunks replaced eight seats by 
six bunks, the seats being arranged three abreast on one side of the gangway with 
a single seat on the other side. Bunks were expensive (approximately 25 per cent. 


additional on the fare), and their need would be reduced on many routes by faster _ 


flying speeds. 

The lecturer recommended that galleys should be located centrally to avoid 
carrying all the food past one group of passengers. 

Luggage compartments should be easily accessible and conveniently shaped. 
An adaption of the Plimsoll Line in cargo holds was used to control the density 
loading of bullion. 

Racks should be provided for handbags in ladies’ toilets, and adequate space for 
hanging coats was also essential. Gangway and underseat carpet should be of con- 
trasting shades to avoid the matching occasioned by uneven wear. 

This section of the lecture was illustrated by numerous slides showing typical 
layouts in British, American and Canadian aircraft. 


3. Speed. 

Operating speeds were governed by several considerations such as suitable 
departure and arrival times, the number of aircraft operated, service and main- 
tenance facilities, and length of flight. A journey time of over ten hours justified the 
provision of bunks and entailed the carrying of a relief crew. 

From these factors it had been estimated that a speed of 550 m.p.h. on the 
Atlantic route would avoid the need for bunks and permit an aircraft to make the 
return journey within a period of 24 hours. 


4. Range and Payload. 


The operator’s main interest was the payload which could be carried over any 
given range. Severe limitations were often imposed on the payload-range relation- 
ship by such factors as landing weight, maximum load, and volumetric restrictions. 

Payload was reduced as the flight stage increased, by the need to provide more 
food and comfort for passengers and the total weight of items such as seats, furnish- 
ings, food and so on, might be as high as 535 Ib./passenger on long stages. 

Estimates of operating costs depended on performance figures supplied by the 
manufacturers and the lecturer made a plea for greater accuracy in this respect. 


5. Engineering. 

The foremost requirement was safety, with maintenance a second consideration. 
Fire was a great hazard and detectors should be placed wherever there was a possi- 
bility of fire. Hydraulic lines should not be placed near electric cables as the fluid 
might leak and cause a fire. Foolproof controls (i.e. to prevent aileron control 
reversal and so on), nose-wheel undercarriage (for ease of taxying and loading), 
ample inspection panels and oxygen apparatus, were all desirable features. 

Maintenance was an important consideration since it accounted for one-third 
of the direct operating costs. Utilisation of aircraft was also dependant on main- 
tenance. 


After the lecture Mr. Dykes replied to a number of questions dealing with 
pressurisation, rearward facing seats, and so on. 
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- Constant research into the design of aircraft pro- 
_pellers enables Roto! to include in their advanced 
projects characteristics which will become essential 

features of the modern aircraft propeller. 


IMPROVED AEROFOIL SECTIONS DEPENDABLE PITCH REVERSAL 


RPM. SYNCHRONISATION REDUCTION IN WEIGHT 


* SEALED SPINNERS * SIMPLIFIED MAINTENANCE 

* FLUID OR ELECTRIC DE-ICING * DUCTED SPINNERS 

* LOW NOISE LEVEL - * INCREASED OPERATING 
HOURS BETWEEN OVERHAULS 
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Total E.H.P.-1590. Diameter-28 inches. Weight-1095 lbs. 
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Every year the name of Vickers-Armstrongs comes to be more closely linked with 
outstanding achievement in aircraft design and manufacture. The SPITFIRE 
Trainer of today is training fighter pilots of tomorrow. Britain has the fastest 
piston-engined single-seater fighter in the world in the SPITEFUL. The Vickers 
Supermarine SEAGULL amphibian flying boat with variable incidence wing 
carries on the tradition of this type. The ATTACKER Jet Single-seater Fighter 
represents pioneer achievement in this new and rapidly developing field of 
design. In the sphere of passenger transport, four of the Vickers VIKING civil 
type aircraft were selected from all other British types for the Royal Tour of 
South Africa. The new series will include the twin jet-engined NENE VIKING 
and the VISCOUNT /V.C.2 fitted with four airscrew turbine units. The 
department of the Aircraft section responsible for the well-known Vickers 
AIRCRAFT ACCESSORIES has resumed production and will include newly 
designed components for aircraft of all types. 
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Renfrew Airport, Renfrewshire. 
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Loughborough Aerodrome, Dishley, Leics. 


Gotwick Airport, Horley, Surrey. Blackbushe Airport, Nr. Camberley, Surrey. Langley Aerodrome, Bucks. Heston Airport, 
Perth Aerodrome, Perthshire. 


Middlesex. 
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The story of the development of the GEE 
system of navigation and its vital contribution 
to the accuracy of aerial warfare is now a 
chapter in history, but its part in the future 
of flying will be of no less importance. 

It is with this knowledge that the 
Cossor Radar Organisation, the pioneers 

of GEE, are forging ahead with new and 
improved equipment which will shortly 

be available. 


PIONEERED BY COSSOR 


THE PULSE SYSTEM OF HYPERBOLIC NAVIGATION 


CG2 


Enquiries should be addressed to COSSOR RADAR LTD.. HIGHBURY, LONDON, N.5 
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CASTING 


An American Authority recently stated : 


‘Precision investment casting is a comparatively 
undeveloped industrial art, but it has reached 
the stage where it is reducing costs and improv- 
ing qualities on tens of thousands of products. It 
is capable of accuracies roughly approximate to 
those of grinding. It can handle practically any 
metal that can be cast at all. The process makes 
its most valuable contributions by producing 
intricacies in parts, and by handling with ease 
metals that are difficult or even impossible to 
fabricate economically by other methods.’ 


MATERIALS AND METHODS, March 1946 


If that extract interests you, we welcome an opportunity 
to supply some details of the part played by 


Ethyl Silicate in preciston casting 


ALBRIGHT & WILSON 
i) ETHYL SILICATE 


Albright & Wilson Ltd., 4g Park Lane, W.1 9 Tel: Gro 1311 
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ARE INSTALLED IN THIS 


IMPORTANT NEW AIRCRAFT 
BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE; NORFOLK STREET, LONDON W.C.2 ; 


AIRCRAFT CABLES 
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43 PLACES & 3 BADEN POWELL 
MEMCRIAL PRIZES GAINED IN R.Ar.S. EXAMINATIONS 


by home-study students of The T.1.G.B. 
furnish satisfactory proof that The T.1.G.B. 
cours s are an authoritative means of equip- 
ping men in the aeronautics industry with 
technological knowledge. 


You can start any time on a T.I.G.B. pro- 
fessional course for the A.F.R.Ae.S., A.M.I. 
Mech.E., A.M.I.E.E., or other institutional 
examination in which you are interested; but 
the best time is NOW, because Government 
and industry both require recognised techno- 
logical attainment to be in the possession of 
those who aspire to higher posts. Write to- 
day to The T.I.G.B. for ‘‘ The Engineer’s 
Guide to Success,’’ giving particulars of your 
technological and qualification requirements. 


The Professional Engineering 
and Aeronautics Tutors 


THE TECHNOLOGICAL INSTITUTE 
OF GREAT BRITAIN 


39 Temple Bar House, London, EC4 


The following aircraft are fitted with EXIDE Batteries as 
initial equipment: 


THE BRISTOL FREIGHTER, Loremost 
cargo - carrying aircraft, uses Exide 


exclusively. So, too, does another ver- 
satile Bristol aircraft,the Wayfarer. In 
their latest passenger freight- 


carrying aircraft, the vast majority of 


Britain’s leading aircraft: manufac- 
turersare today fitting Exide as initial 
equipment. The reason? Lighter 
weight with greater capacity — better 
performance with longer life. 


AIRCRI 


THE CHLORIDE ELEC 


COMPAN 


AIRSPEED AMBASSADOR 
AIRSPEED CONSUL 

AVRO TUDOR I 

AVRO TUDOR I 

BRISTOL FREIGHTER 

BRISTOL WAYFARER 
CUNLIFFE-OWEN CONCORDIA 
HANDLEY PAGE HALTON 
HANDLEY PAGE HERMES 


MILES AEROVAN 
MILES GEMINI 

MILFS MARATHON 

MILES MESSENGER 
PERCIVAL PRINCE 
PERCIVAL PROCTOR 
SHORT SANDRINGHAM ‘V" 
SHORT SOLENT 

SHORT SEALAND 


VICKERS VIKING 
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RAFT BATTERIES 


Y LIMITED, EXIDE WORKS, CLIFTON JUNCTION, NR. MANCHESTER 
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Best all-round 


combat aircraft 


E HAVILLAN 
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ACHIEVEMENT 


IN AUSTRALIAN AVIATION 


~ 


HE name of Qantas, now celebrating its silver jubilee, has been associ- 
ated with 25 years of continuous airline operation. This pioneer company 
‘inaugurated Eastern Australia’s first regular air service—between Charleville 
and Cloncurry on November 2nd, 1922. 
Since that humble beginning, Qantas has progressed from strength to 


strength, blazing new sky-trails, drawing Australia closer to the world. To-day, 
the original inland route has extended to Darwin at one end, to Brisbane 


at the other. 

Further afield, Qantas operates from Sydney to New Guinea, New Cale- 
donia, Fiji and (in association with B.O.A.C.) to Malaya, India, Egypt and 
England. The 21,000 miles of routes already flown will soon be increased 
considerably, as Qantas Empire Airways carries the Australian flag to more 


and more corners of the globe. 
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Australia’s INTERNATIONAL Airline 
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is fitted with 

tyres - wheels - brakes . 

brake operating equipment - 
flexible hoses - pnuematic jacks 


and selectors for hot air flap 


Operation. . made by 


. DUNLOP 


DUNLOP RUBBER CO. LTD., AVIATION DIVISION, COVENTRY 


7H ‘608 
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Weston Thermometer Test Sets 


Weston Thermometer Test sets are designed to provide an accurate, 
simple and speedy means of checking electrical aircraft thermometers. 
Two models are available —the Model S76 for resistance type 
thermometers and the Model S77 for thermocouple types. Both 
models are portable and self-contained and are direct reading. They 
will test all English type thermometers which conform with A.M. 
specifications and in addition various American types. These Weston 
Test Sets are an invaluable asset to all airports, both for routine 
inspection in the field and for overhaul and service depots. Please 


write for details. 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX 
Telephone: Enfield 3434 & 1242 
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Aireraft Price 18/- 
postage 1/- 
Engineering 


Dresents 


This, the first British book on 
the modern theories of high- 
speed air flow, written by a 
teacher of aerodynamics, pre- 
sents an outline of the subject 


that is invaluable to students. 


AIRCRAFT ENGINEERING, the oe 
aeronautical engineer’s monthly, is — 
available to Student Members of the | 

R.Ae.S. at the special subscription 
rate of one guinea per annum, : 
post free. This rate applies only to — ed 
orders placed direct with the publisher. - 


12 BLOOMSBURY LONDON - WCI 


‘Avo’ Instruments 


Electrical | 


available from 


stock : 


VALVE TESTER | 


The 50-range Mode! 7 Universal AvoMeter is 
the world’s most widely used combination TEST Ls 
ectrica n rument Fully descriptive D.c. AVOMINOR 
rhiet rom the Sole Proprietors 
fa rers 


The AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD. 


Winder House, Douglas Street, London, $.W.1 Phone: ViCtoria 3404-9 


XV 


i 
| 
: 
4 
3 
SO 


THE SOCIETY’S AWARDS 


The Society offers a number of valuable awards, most of them 


annually. 


Full particulars of the conditions attaching to these 


awards may be obtained on application to the Secretary. 


Society’s Gold Medal 

Conferred for work of an outstanding or 
fundamental nature in aeronautics. 
British Gold Medal for Aeronautics 

Awarded for an achievement leading to 
advancement in aeronautical science. 
Simms Gold Medal 

Awarded for the best paper read in any 
year before the Society on any science allied 
to aeronautics, e.g., meteorology. wireless 
telegraphy, instruments. 
The George Taylor (of Australia) Gold 

Medal 

Awarded for the most valuable paper sub- 
mitted or read during the previous session. 
Wakefield Gold Medal 

Awarded to the designer of any invention 
or apparatus tending towards safety in flying: 
open to members or non-members. 
Society’s Silver Medal 

Awarded for some advance in aeronautical 
design. 
British Silver Medal for Aeronautics 

Awarded for an achievement leading to 
advancement in aeronautical science. 
Society’s Bronze Medal 

Awarded under the same conditions as 
those for the Silver Medal, but for some less 
important advance in aeronautical design. 
Wilbur Wright Memorial Premium 

The Wilbur Wright Memorial Lecture is 
held annually, a premium of £75 being 
awarded to the lecturer invited by the 
Council to deliver the lecture. The lecture is 
usually given alternately by an American and 
and Englishman, and is the most important 
aeronautical lecture of the year. 
British Commonwealth and Empire Lecture 

The British Commonwealth and Empire 
Lecture is delivered annually by a lecturer 
chosen in alternate years from the British 
Dominions and Colonies and Great Britain. 

The British Commonwealth and Empire 
Lecture has a premium of £50 attached to it, 
and in the case of lecturers coming from the 
Dominions and Colonies an allowance will 
be paid towards the Lecturer’s expenses. 
R.38 Memorial Prize 

Offered annually for the best paper 
received by the Society on some subject of a 
technical nature in the science of aeronautics, 
preference being given to papers which relate 
to airships. The prize is twenty-five guineas. 
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The Herbert Akroyd Stuart Lectures 

Under the will of the late Mr. Herbert 
Akroyd Stuart a sum of £700 is held in trust 
by the Society for the offer of a prize every 
two years, for the best paper or lecture read 
or given before the Society dealing with the 
Origin and Development of Heavy-oil Aero- 
Engines. The prize is open to members and 
non-members. 


Edward Busk Memorial Prize 

Offered annually for the best paper 
received by the Society on some subject of a 
technical nature in connection with aero- 
planes (including seaplanes). Its value is 
twenty guineas. 
Pilcher Memorial Prize 

Offered annually for the best paper by a 
Student on heavier-than-air craft or any 
analogous subject. Its value is five guineas. 
Usborne Prize 

Offered annually for the best paper by a 
Student on some subject in connection with 
Acro-Engines. Its value is five pounds. 


Major Baden-Powell Memorial Prize 

Awarded in May and December of each 
year to the Student who is considered the 
best student by the examiners in the Society's 
Associate Fellowship examinations. Its value 
is three guineas. 


Elliott Memorial Prize 

Awarded twice yearly to the apprentice at 
Halton who has the highest percentage of 
marks in the passing-out examination. _ Its 
value is two and a half guineas for each 
award. 
R. P. Alston Memorial Prize 

Awarded to any Graduate or Student of the 
Society for work done leading to improve- 
ment in the safety of aircraft, and particu- 


larly for improvement stability and 
control. Its value is approximately five 
pounds. 


Branch Prize 

The Council offers an annual prize of 
twenty guineas for the best paper read 
before the Branches during the previous 
lecture Session. The prize is open to any 
member of the Society or of any Branch. 


Journal Premium Awards 

The Council has set aside an annual sum 
of £250 to be given as premium awards to 
authors of papers published in the JOURNAL. 
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SCOPE OF LECTURE. 2. 


THE ROYAL AERONAUTICAL SOCIETY 


The 742nd paper read before the Society—on 4th December 1947 at the Institution of Civil 
Engineers, Great George Street, London, S.W.1. In the Chair, the President, Dr. H. Roxbee Cox, 


PROBLEMS FACING CIVIL AIR 


OPERATIONS 


by 


N. E. ROWE, C.B.E., B.Sc., DI.C., F.R.Ae.S. 


Mr. Rowe took his degree at the City and Guilds Engineering College (Royal 
Scholarship) and joined the Royal Aircraft Establishment at Farnborough in 1924. 
From 1926 to 1929 he was Technical Officer at Martlesham Heath and for the next 
eight vears served at Farnborough and the Air Ministry, returning to Martlesham 
Heath in 1937 as Chief Technical Officer. In 1938 he was appointed Assistant 
Director, Department of Technical Development, Air Ministry and in 1941 Director 
of Technical Development, Ministry of Aircraft Production, becoming Director- 
General in 1945. Since 1946 he has been Controller of Research and Long-Term 
Development of the British European Airways Corporation. He is a Vice-President 
of the Society. 


FUTURE—GENERAL COMMENT. 


M* purpose is to try to place before you 
three broad main problems which cover 
numbers of subsidiary matters of great sig- 
nificance. Taking safety as read (and safety 
itself is not a problem but a_ necessity. 
begetting various problems in varying circum- 
stances), my divisions of the subject are :— 
1. Reliability including regularity. 
2. Safety in the context of economy. 
3. Economy of operation. 
Within these divisions the problems which 
are before us and to which I shall refer are: 
1. Reliability: 
Precise navigation in all meteorological 
conditions. Approach, landing and take- 
off in “blind” conditions. Aircraft flying 
qualities. 


to 


Safety with economy: 
Air traffic control. Operators’ problems. 
Design problems. Crew fatigue. 


Economy of operation: 
Definition of future requirements. Fore- 
casting traffic. Development of new 
types of aircraft. Maintenance. 


As the lecture proceeds you may complain 
that operations and operators tend to get 
mixed in my presentation of the problems. 
but I offer no apologies bearing in mind that 
the work of the operator lies in operations. 


The implication of the title is that one 
should treat mainly of immediate problems, 
but I do not think it was so intended; it would 
most certainly be restrictive and, so far as our 
own experience in this country is concerned, 
because of the aftermath of the war, it would 
not be representative of civil air operation 
generally. Hence, I intend to say something 
of the long term as well as of the short term 
problems, which at once leads to some con- 
sideration of what the future holds. There 
can be no doubt of the further growth of 
transport by air both of passeagers and 
cargo, and especially of the latter. Figs. 1, 


PASSENGER MILES | U.S. PREDICTION 


10° 3 FOR 1950 
us (vomesric) 
10° 
U.K. (AND ASSOCIATED) 
10 
10” 
1910 1920 1930 1940 1950 
Fig. | 


Growth of passenger miles in U.K. and U.S. 
87 


} 
D.LC., F.R.Ae.S. 
“ust 
ery 
cad 
the 
TO- 
per 
TO- 
1s 
as. 
ja 
ith 
ich, 
the 
y's 
lue 
at 
of 
Its | 
ch 
the 
ve- : 
ive 
of | 
ad 
us 
ny 
m 
to 


N. E. 


FREIGHT 


US PREDICTIONS 
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us 
1910 1920 1930 1940 1950 
2. 
Growth of air-freizht (ton-miles) (not including 
mail). 


2 and 3 show what has been achieved during 
the past 20 years. What is most significant 
is that the rate of increase of traffic is showing 
no signs of slackening. 

The nature of the problems which this 
growth will bring, depends on many factors 
which probably would be given’ varying 
emphasis by different people. My own guess 
is that operating speeds, and hence frequen- 
cies, will steadily increase giving rise to major 
air traffic control and airport problems; that 
the drive. for economy will be greatly 
intensified, forcing designers as well as 
operators to new solutions of existing pro- 
blems; that cargo operation will advance 
rapidly and take on a specialised nature with 
reactions on operating organisation, design 
and airports; that we are likely to see a steady 
growth in helicopter operations at short 
stages. It is important that the assessment 
of the longer term should be reasonably 
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correct, since otherwise solutions of short 
term problems may be merely palliatives 
instead of the early stages of the answers to 
the long term problems. And one cannot 
assess one’s problems without giving some 
thought to their possible solution. 


3. OPERATOR AND OPERATIONS. 

The air operator is selling a service which 
he must make as attractive as he can, while 
still making a reasonable profit. Funda- 
mental factors in his business are the route 
system he has to operate, the traffic he 
expects to carry and the aircraft he chooses, 
or can buy, for his operations. So far as it 
lies within his power to do so, he must ensure 
a safe operation by his organisation, his 
methods, his choice and training of staff. 
Much of the ultimate responsibility for 
safety lies without his competence, coming 
within the field of the designers, regulatory 
authorities and airport owners. In civil air 
operation, safety can be taken as a sine qua 
non; all concerned are agreed on its necessity. 
It merits close examination when considering 
overall economy, and I shall refer to it again 
later in this context. 


4. PROBLEM 1—RELIABILITY AND 
REGULARITY. 

A major criticism of air transport to-day is 
its unreliability; clearly, then, this is also a 
major problem of airline operations. By 
unreliability, I do not mean susceptibility to 
accident, although accidents may be a source 
of unreliability: | mean an uncertainty that a 
scheduled operation will be completed 
according to plan under all conditions of 
weather or operational mischance. Europe is 
a particularly bad area for weather difficulty, 
but unreliability is by no means confined to 
this part of the world. “If you’ve time to 
spare, go by air” has been a saying in 
the U.S.A. for some years and roughly 
epitomises the situation. Operators will never 
give good service and attract full potential 
traffic until this situation is greatly improved. 

4.1. STANDARD OF RELIABILITY. 

What is an acceptable standard for year- 
round working? Incidence of zero/zero 
weather gives a clue to the answer at_ this 
stage of development of navigational aids to 
landing and take-off. Fig. 4 shows the 


average frequency of such conditions at five 
airports in N.W. Europe defined as cloud 
base below 150 ft. or visibility less than 55 
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HESTON NORTHOLT PARIS — BERLIN STOCKHOLM 
LE BOURGET 
Fig. 4. 


Frequency of zero/zero conditions in N.W. Europe. 


yards. The average frequency of the five 
major airports in the U.S.A. which have the 
highest proportion of “closed” weather is 
4 per cent. This is not necessarily zero/zero, 
but weather below the standard minima for 
instrument conditions, i.e. cloud ceiling less 
than 500 ft. and visibility less than one mile 
in U.S.A. 


The effect on operations of this bad 
weather in Europe is shown in Fig. 5 of 
cancellations of B.E.A. continental services 
because of weather during the twelve months 
ending September 1947. The average for the 


io 
§ 
0 
SPRING SUMMER AUTUMN WINTER 
Fig. 5. 


Average cancellations in B.E.A. Continental Ser- 
vices for October 1946 to September 1947 (due to 
weather). 


period is 5.4 per cent. The average of the 
scheduled miles flown to miles 
scheduled for four major airlines in the U.S. 
for the 12 months ended June 1947 and June 


1946 is 94.8 per cent. and 95.6 per cent. 
respectively; these figures are not. strictly 
comparative as they may include irregular- 
ities due to causes other than weather. But 
they show what has been achieved in well- 
established conditions of operation at this 
time and the need for improvement. 


Assuming that the irregularities occur 
mainly in the bad weather seasons, then a 
standard or target of not less than 98 per cent. 
regularity would seem to be reasonable. The 
main causes of cancellations are weather 
and unserviceability because of mechanical 
failure. It is clear from the data shown in 
Fig. 4 that the latter must be eliminated if 
we are to achieve the standard in N.W. 
Europe. This is a problem of design and 
maintenance and calls for energetic action by 
all concerned. A palliative is to hold more 
aircraft in reserve, but this is most unecon- 
omical and increases the chances of failure. 


In assessing reliability one must not forget 
the importance of punctuality, especially to 
the business passenger over the short stage 
flights. 

During the twelve months ended July 1947, 
8.9 per cent of arrivals in B.E.A. Continental 
Division were over two hours late; the great 
proportion because of weather. This com- 
pares with data for express trains in this 
country given in Hansard recently as 4.5 per 
cent. for the month of September 1947. 
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OBJECTIVE | RELIABILITY 


EN ROUTE 
| aircrast LIcrew ITIES | 


DESIGNER OPERATOR NATIONAL AUTHORITIES 
| T 
FLYING LAYOUTOF ENROUTE 
QUALITIES AIRCRAFT NAVIGATIONAL 
AIDS 
MAINTAINABILITY | 
STANDARDS METEOROLOGICAL 
INSTALLATION OF TRAINING INFORMATION 
OF EQUIPMENT | 
PERFORMANCE STANDARDS GROUND AIDS 
' OF OPERATION FOR APPROACH 
DEICING. AND LANDING 
ENGINE , ING ————— 
AIRFRAME AIR TRAFFIC 
MAINTENANCE CONTROL 
COMMUNICATIONS SCHEDULING MOVEMENTS 
(OPERATORS) 
Fig. 6. 
4.2. SCHEDULING OF AIRPORTS FOR 


REGULARITY. 


In Fig. 6 I have attempted to show the 
various interests concerned in the objective— 
reliability. The method of operation of air- 
ports is of vital importance, and the biggest 
factor affecting reliable running is the time 
difference between operations under clear and 
low visibility conditions, C.F.R. (Contact 
Flight Rules) and I.F.R. (Instrument Flight 
Rules) as they are called. In illustration, I 
can quote figures for La Guardia (N.Y.) and 
Washington National Airport, for which I am 
indebted to Mr. T. P. Wright, Chief Adminis- 
trator of the C.A.A., in the U.S., given in 
Fig. 7. For comparison, the theoretical 
capacity of London Airport in 1953, when it 
is finally completed, is 160 movements per 
hour in contact conditions and two-thirds of 
that in instrument conditions. 


It is evident that if aircraft are scheduled 
into and out of these airports, assuming 
C.F.R. conditions and IF.R. conditions 
supervene, then there will be irregularity 
which will become widespread and lead to 
wholesale cancellation if the low visibility 
weather persists. Hence, a first condition of 
reliable running must be the scheduling of 
airports for I.F.R. conditions, unless their 
frequency of occurrence in any given route 
system is within the 2 per cent. margin of 
irregularity in our suggested standard over 
any given period, when C.F.R. scheduling is 
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This condition has wide impli- 
cations for the future : — 


permissible. 


(i) Concentration on the problem of 
reducing the disparity between C.F.R. 
and I.F.R. movements at airports, 
involving basic improvements in navi- 
gation, air traffic control. ground and 
airborne equipment. 

Provision of more airports. 


Increase in seating, capacity of aircraft 
to carry increased traffic within res- 
tricted capacities of existing airports. 
Running more traffic at night, 
especially cargo and, of course, mail. 
Rapid and universal adoption of up- 
to-date equipment, airborne and 
ground, by all nations engaging in 
international air transport. 

It is of interest that at a very early stage 
B.E.A. insisted on I.F.R. scheduling at 
Northolt. 

A difficulty arises in Europe in relation to 
(v) above which is not found to such a 
marked degree elsewhere. This comes from 
the multiplicity of national boundaries and 
interests. Machinery has been set up under 
1.C.A.O. to obtain agreement on standard- 
isation, but even when this essential pre- 
requisite has been satisfied—and we have not 
yet got so far—there remains the supply, 
installation and operation of the equipment. 
Until all operators and airports have reached 
the required standard, irregularities will still 
occur. 


(ii) 
(iii) 


(iv) 


(Vv 


— 


4.3. 


For maximum utilisation the scheduled air- 
port demands precision in timing of arrivals 
and departures. This is the fundamental 
requirement also for punctuality and is a 
problem of navigation. Hence the primary 
problem in navigation in this context is 
precise definition of position in space and 
time: this ability, when available, to be used 
to follow a flight plan scheduled throughout 
the stage, finally matching the schedule of 
arrivals at the airport. It is claimed that 
either of two systems is basically suitable 
for this for en route navigation; the American 
omni-directional range which, in essence, 
defines traffic lanes, spaced in height and 
azimuth between zones of air traffic control 
at the airports of departure and arrival; and 
the British GEE system which, in essence. 
defines position by the time difference of 
signals received in the aircraft from a master 
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Fig. 7. 
Rate of aircraft movements—take-off and landing. 
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and two or three slave stations emitting 
pulse radiations. In contradistinction to the 
American system, it may be called a system 
of free or individual navigation, between 
zones of air traffic control at departure and 
destination. For full navigational facility 
over an area both systems need some form 
of distance measuring equipment, dissimilar 
in the two systems; in neither case is this fully 
developed. 

In both systems aircraft movements are 
subject to control from the ground within a 
zone around airports; such control is clearly 
of great potential importance in its effect on 
teliability—and indeed on economy—and it 
Is essential that a system shall be evolved 
which will interfere with traffic movements 
only to the minimum extent needed to ensure 
safety. It should, in my opinion, be reduced 
so far as possible, to a monitoring system 
only. The operator is vitally concerned in 
this aspect of development. 


Precise navigation must be backed by 
sufficient flexibility in cruising speed to 
achieve the flight plan and airport schedules, 
despite adverse or favourable conditions of 
weather. 


4.4. BLIND APPROACH. 

The immediately preceding remarks have 
tended to emphasise the problems of ensuring 
punctuality. This is an important, but 
perhaps minor, factor in the problem of 
reliability of civil air transport under 
European winter conditions. Last winter, 
between the months of October 1946 and 
March 1947 inclusive, over 11 per cent. of 
B.E.A. Continental services were cancelled 
because of weather. Fig. 5 shows the 
incidence of this unreliability. Last winter 
was a bad one but air transport must be able 
to take the good with the bad if it is ever 
going to play its full part and fulfil its great 
mission. The immediate problem then is to 
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operate at all throughout a European winter; 
here the causes are meteorological—fog, low 
visibility, snow, icing—and the full cure 
resides mainly in the factors on the right of 
Fig. 6, previously shown. 

At this stage it is necessary to show how 
the problem is influenced by a proper dis- 
crimination between the blind approach 
followed by a visual touch-down and _ the 
blind approach followed by a blind landing. 
The crucial point is the minimum standard of 
visibility required by a pilot to ensure a safe 
landing after the blind approach. Pilots differ 
in their opinions on this point, but taking 
horizontal visibility of 500 yards, and a cloud 
ceiling of 150 ft., we can see from Fig. 8 
(Incidence of low visibility conditions at 
Northolt) that a solution to the blind 
approach problem will eliminate at least 50 
per cent. of existing cancellations out of 
Northolt. Weather data for Heston, which 
represents London Airport reasonably well. 
shows a similar improvement to be possible. 

The nature of the problem is familiar to 
us; it is to give precise definition to a linear 
flight path from an approach “gate” to a 
point on the centre line of the runway. A 
reasonable solution is to hand in the Instru- 
ment Landing System: it was described in 
principle in H. F. Pritchard’s lecture to the 
Society in October 1946 and has_ been 
adopted as the International Standard Blind 
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It may not be a final 
is quite badly 
distorted by interference of ground and 


Approach System. 
solution since the path 


buildings at some airfields. It is not yet 
installed in any British aircraft or in any 
operating on the European route system, and 
is unlikely to be brought into general use over 
here for three or four years. As a palliative 
the Standard Beam Approach System is being 
used in B.E.A. No blind appreach system 
can have its full value in ensuring regularity 
unless operating crews are constantly prac- 
tised in it. This means that the approach, 
in all weathers, clear and murky, should be 
made by instrumental means. When the need 
comes, crews then make the approach with 
sureness and confidence. This, then, is a 
matter for operators in training and standards 
of operation. 


4.5. OPERATION IN ZERO/ZERO CONDITIONS. 


There seems good prospect of obtaining a 
solution to the problem of regular operation 
in conditions of low visibility, provided that 
the final landing manoeuvre can be made 
visually. There remains the problem of 
maintaining regularity when visibility deter- 
iorates below this standard. A number of 
solutions have been suggested, some of them 
used during the war (see Fig. 9), but nothing 
fully satisfactory has emerged yet. I suggest 
that the objective of research and experiment 
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Aid Action of Aid 
1 FIDO. Clears fog from 
runway by _ ther- 
mal means 
2. G.C.A. Gives to control- 


lers precise infor- 
mation of plan 
and elevation of 
aircraft in relation 
to runway 


Defines runway in 


3 High inten- 
low visibility con- 


sity lighting 


ditions 
4, Automatic Ground beam 
blind landing controls flight 


path and landing 
manceuvre Via air- 
craft automatic 
controls 

landing 


5. Long travel Reduces 


State of Development 
and Use Cost 


Successfully used Very costly in 
during war at installation and 
emergency land- use 

ing fields. Now 

being rehabili- 


tated at Manston 
and Blackbush 


Successfully used Requires a num- 
by Services in ber of — special 
U.S.A. Now in- staff to operate 
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undercarriage shock when_ air- aircraft equipped 

craft is flown into by A.W. 

runway direct 

from approach 

path. Could be 

used in combin- 

ation with 4 

Fig. 9. 


ZERO-ZERO AIDS. 


should be to modify the conditions by arti- 
ficial aids, to make possible a visual landing. 
FIDO will do this in fog; but FIDO is very 
expensive, at present, in installation and in 
use, and there seems little prospect of 
developing it into an aid for use at all air- 
ports. 

_ Experiments are being made with high 
intensity lighting in this country and in the 
U.S.A., with some measure of success; there 
is a reasonable prospect that the system of 
high intensity approach and runway lighting 
being developed at the Royal Aircraft Estab- 
lishment may provide the answer in all but 
the thickest fogs. In zero/zero conditions, 
there remains the difficulty of marshalling 


aircraft on the airfield; this, of course, is a 
problem of safety in all weathers and radar 
devices will, in due course, be used by Air- 
port Control to marshall aircraft in clear 
weather. A combination of this with high 
intensity lighting on taxi tracks might offer 
a reasonable solution, in the same way as 
G.C.A. might be used to monitor a landing 
using high intensity lighting. In the writer’s 
opinion dense fog will always slow up 
operations so that reliability will be lost, 
although devices may be developed in the 
course of a few years which will obviate 
cancellations. Air will then be in much the 
same case as shipping, trains and other 
forms of surface transport. 
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4.6. REGULARITY AND AIRCRAFT DESIGN. 
4.6.1. Maintenance. 


Brief comment is needed on the roles 
allotted to designer and operator in Fig. 6— 
the headings are not comprehensive, but 
cover the important matters. Maintenance 
is perhaps the most relevant operational 
division in its possible effect on reliability. 
But the need to ensure first-class maintenance 
on the score of safety and economy is so 
overwhelming that it is unlikely to be a factor 
in reliability, so far as the situation is within 
the control of the operator. Lack of spares, 
for instance, in this world of controls and 
bottlenecks may easily lead to widespread 
unserviceability, unreliability and irregularity 
despite the best of planning. But this, we 
hope, is ephemeral. 


4.6.2. Flying qualities. 


Major airports must have the highest 
possible utilisation, i.e. the scheduled move- 
ments under conditions of low visibility will 
tax to the limit, consistent with safety, the 
controllers and equipment. Such a scheme 
cannot allow for missed landings or aircraft 
arriving out of schedule; when these occur 
the aircraft will perforce join a queue and 
may have to wait a long time. The flying 
qualities of the aircraft, its performance and 
the standard of navigation all enter into this. 
Factors for the designer to consider are : — 


(a) stability and control, particularly at 
approach and low cruising speeds, in 
manual or automatic control; good land- 
ing qualities. 

(b) behaviour in rough air. 

(c) flexibility in performance, with economy. 


The conditions are onerous for the pilot; he 
has little time to make corrections prior to 
landing after emerging from cloud under low 
ceiling conditions. Hence the need for really 
good handling qualities in the approach and 
landing manceuvres and I suggest research is 
still needed on this problem. The crew 
may have become fatigued during the flight 
because of unsatisfactory stability or control 
qualities in cruising conditions in rough air. 
Such characteristics are probably more fruit- 
ful of pilot fatigue than any other single 
cause. 

If the pilot is to make the best use of the 
aids provided he must not be in a tired state 
when he comes to the crucial let-down at the 
termination of his journey. Good flying 


qualities and the best possible layout of his 
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controls will minimise his fatigue, and hence 
be a very real contribution to the solution of 
the problem of reliability. Research is needed 
into the problem of cockpit layout and 
indeed, of the best arrangements for the pilot 
for blind flying. 


5. PROBLEM 2—SAFETY (WITH 
ECONOMY). 


Lord Nathan, in one of his early speeches 
as Minister of Civil Aviation, called far safety 
first, safety second and safety third in civil 
air transport. No one denies that safety is 
essential, but it must be remembered that 
safety is not absolute in an engineering sense. 
The problem is to ensure the highest 
standards of safety as economically as 
possible; this need has wide repercussions, as 
I shall attempt to show. In Fig. 10 are shown 
the main agents and activities contributing 
to safe airline operation, i.e. an operation in 
which all reasonable steps are taken to ensure 
safe transit of passengers and goods. Division 
of responsibility, operator or other authority, 
is clear in many cases, as indicated in the 
figure; in the remainder, the operator plays 
a part to a varying degree. For example, in 
design the major responsibility rests with the 
designer, but he must look to the operator for 
definition of his requirements. These may 
be quite fundamental as, for example, in 
definition of standards which will result in 
simplified pilot and crew training. 
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PROBLEMS FACING CIVIL AIR OPERATIONS 


5.1. AIR TRAFFIC CONTROL. 


The primary objective of air traffic control 
is safety, but its potential influence on overall 
operating economy is great and in this sense 
it is a first-class example of the type of pro- 
blem I have in mind under the generic term 
of “Safety with economy.” In fact, it is only 
by considering it in this way that it can be 
seen in correct perspective as an integrated 
whole and not simply as a means to safety 
in any one area, or at any one airport. 

I submit that within the primary objective 
of safety, the system of air traffic control 
must be so developed as to achieve the 
following objectives : — 


(i) Maximum utilisation of airports 
(implies assessment of alternative 
methods of control including varying 
complexity and weight of equipment 
on aircraft); 

(ii) Maximum economy of aircraft (mini- 
mum interference with ideal traffic in 
terms of its best “trajectory” and 
“uncontrolled” time); 

(iii) Best economic balance between 
weight, complexity and cost of equip- 
ment to be employed in the aircraft 
and on the ground, taking account of 
training and maintenance, related to 
airborne and ground equipment. 


The overall assessment of relative methods 
and costs must take account of the factor of 
regularity in stimulating air traffic. 

In this matter I think there is a danger of 
accepting as inevitable, a form of control 
which is rigid within an extended zone around 
busy airports. Such forms of control were 
developed under military conditions in this 
country and, as a result of a particular 
method of airline flying in the U.S., i.e. the 
combination of the airway or radio range and 
the scheduling on the basis of C.F.R. con- 
ditions, which entailed congestion and “stack- 
ing” in I.F.R. conditions. Such rigidity may 
ensure safety, but there may be other ways 
of obtaining an equal, or even higher, 
standard with much less difference in timing 
of movements between C.F.R. and LF.R. 
than those we saw earlier. For example, one 
can imagine aircraft having such means of 
navigation for all stages of a flight and such 
performance as to be canable of maintaining 
a pre-planned schedule in time and space at 
all stages of the journey from take-off to land- 
ing. The type of air traffic control needed to 
handle fleets of aircraft so equipped operating 


on schedules planned for I.F.R. conditions, 
might be quite different from the kind of con- 
trol we have now. 

We are never likely to have an ideal world, 
but unless the problem of air traffic control 
is correctly formulated and tackled then we 
shall be groping without a clear objective. 
The problem is highly complex and its 
solution will involve much research work, in 
particular the study of various methods of 
control, taking account of the practical 
developments to be expected from aids to 
long and short range navigation approach, 
landing, taxying and take-off; the probable 
development of aircraft, especially turbine- 
engined aircraft; flying and landing under 
automatic control; costs of new airports; the 
development of new and improved equipment 
and especially, the practicability of getting 
such equipment fitted and into use on a 
world-wide basis. 

As an example of the conflict of interests, 
I can quote the effect on aircraft economy of 
the present system applied to a_turbine- 
propelled and turbine jet type. In the first 
case, taking a medium size aircraft suitable 
for short/medium stages, there is a loss of 
operating economy of about 5 per cent. at a 
representative stage distance. For a long- 
range jet-propelled aircraft the effect on 
economy varies with range. It is most simply 
expressed as a reduction of over 8 per cent. 
of maximum payload. These estimates are 
based on flying at 5,000 ft. in the control zone 
of 30 miles radius. 

But it is abundantly clear that we cannot 
tolerate a stacking system of control with jet 
propulsion. In the case of the same jet- 
propelled aircraft, the cost in fuel -of 15 
minutes orbiting at 3,000 ft. is equivalent to 
about 100 nautical miles in normal cruising 
flight at the cruising height of 35,000 ft. 
Thus, to avoid being forced to modify our 
scheme of control when such aircraft come 
into use, we must take time by the forelock 
and introduce by stages what will become our 
final method. 


5.2. SAFETY WITH ECONOMY—OPERATORS 
PART. 

The operator is naturally vitally concerned 
in this problem. His operation must be safe 
and he cannot compromise; but it must also 
be economic. His problem, then, resolves 
itself into developing methods of operation 
and training while using his existing equip- 
ment and ensuring, so far as he can, by speci- 
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fication and guidance, that his replacement 
types shall have the most economic qualities 
in this context. Let me carry the argument 
a little farther so that you may see clearly 
what I have in mind. 

The elements of our problem are the air- 
craft, the crew, the ground organisations, in 
use under all conditions, including those of 
emergency. Each element separately is made 
a safe link for the operation; it is in the inter- 
linking that the opportunities arise for making 
economies. For example, an aircraft which 
is simple, easy to fly, having in addition no 
vicious or difficult characteristics under 
emergency conditions such as an engine cut- 
ting in flight or at take-off, will facilitate 
training, make it easier and hence, cheaper. 
This is an important means of economy since 
all captains of aircraft must, as a safety pre- 
caution, be checked for proficiency at six 
monthly intervals in the critical phases of air- 
line flying, such as flying and letting down 
under “blind” conditions, engine cutting in 
various stages of flight, and so on. This 
involves a double expense in the use of 
aircraft and in the use of pilots for other than 
revenue-earning flying, so that it is important 
to reduce so far as possible, the time neces- 
sarily spent on it. Good flying qualities allow 
this to be done and hence, promote economy 
while in no way derogating from safety 
standards. 

Another example of a different kind, com- 
plementary to the problem of air traffic 
control, is the use of such navigational and 
ground aids as will enable a safe operation 
to be run under all conditions of weather, 
thus ensuring reliable, regular service with the 
overall economy which goes with it and a 
direct economy by reduction of fuel reserves. 

5.2.1. Discussion of relevant aspects of 
future requirements. 


It is in the appreciation of the nature of his 
problems and hence the specification of his 
requirements for future types, that the 
operator can contribute most. It is true that 
the onus of responsibility is then placed on 
designers of aircraft, engines and equipment, 
on those responsible for development of 
ground aids for navigation, approach and 
landing and so on, but the essential first step 
must always be the formulation of the 
problem. Some of the problems which may 
appear in this context are :— 

(a) The desire to reduce the danger from the 
engine cut emergency may lead to the 
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demand for three- or four-engined types 
where a twin might be suitable on other 
grounds. A major incidental economy 
may be the use of smaller airfields. 

(b) The demand for flying qualities in cruis- 
ing flight to minimise crew fatigue, 
especially in blind conditions. 

(c) Flying qualities to make blind approach 
and landing simple. 

(d) Equipment, lighting installations, cockpit 
layout, and so on, to reduce crew fatigue. 

(e) Low noise and vibration to reduce crew 
fatigue. 

(f) Use of safety fuel to minimise weight 
spent in fire precautions. 

(g) Devices such as the long travel under- 
carriage to facilitate blind landings, 
hence regularity and economy. 


I place very high on the list the design of 
flying qualities which will make the critical 
manceuvres of approach, landing and take-off 
simple and straightforward. As cruising 
speeds and hence frequencies of operation 
increase, these manceuvres will be of more 
frequent occurrence in a given total flying 
time. The effect of such flying qualities will 
be to make operations safer, to reduce the 
time spent on training and refresher courses, 
and to improve regularity and hence, overall 
economy. Airport utilisation is also likely to 
be improved, an extremely important con- 
sideration for the future. 

Equally important is the reduction of crew 
fatigue; many factors enter into this, a major 
one being good qualities of stability and con- 
trol in cruising flight, especially in the fore 
and aft plane. There is no need to stress the 
importance of crew fatigue in relation to 
safety. There is, however, the aspect pointed 
out by Sir Ralph Cochrane in his lecture to 
the Society in January 1947, namely that 
many accidents attributed to pilot error 
should rightly be ascribed to other factors, 
e.g. instrument layout, noise and vibration, 
handling and flying qualities, indifferent 
navigational aids and so on, which, by 
causing pilot fatigue, have been the basic 
cause of the error of judgment. It is the 
design of the aircraft which requires improve- 
ment rather than the standard of piloting. / 
am sure there is urgent need for research to 
assess the conditions of crew fatigue peculiar 
to civil airline operation, having in mind the 
onerous conditions of operation to schedule 
in all weathers with extra responsibilities for 
passenger safety and comfort. 
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PROBLEMS FACING CIVIL AIR OPERATIONS 


5.2.2. Accidents in relation to future 
requirements. 


A broad analysis of the accidents in the 
U.S. and in this country in 1945 and 1946 
shows the preponderance of accidents during 
the take-off and landing manceuvres—or, even 
more pronounced, the number caused by 
impact with the ground. For comparison, 
similar information for 1925-1930 shows the 
high proportion of accidents in flight. The 
conclusion seems inevitable that for a given 
amount of traffic in a route system, aircraft 
types should be so chosen that landings and 
take-offs-are reduced to a minimum. In this 
case, we see clearly how the requirements 
for new types of aircraft may be affected by 
this idea of safety with economy. Of course, 
as we push farther into comparatively un- 
known country in terms of increased speeds 
and height of operation, there may be again 
a higher proportion of accidents in flight, but 
I think the natural hazards of take-off and 
landing will always remain and we should 
avoid them as much as we can. 


6. ECONOMY. 
6.1. AIRCRAFT AS BASIC FACTOR. 


Economic operation must always be the 
final touchstone of any fully established air- 
line. It reflects the overall efficiency of the 
organisation. But it is not enough to be 
economic; we must make air travel cheap so 
that it may be used increasingly by the mass 
of the people and for the transport of mer- 
chandise. The fundamental factor is the 
aircraft. This is the revenue earner and if, 
because of its inherent qualities, such as 
low relative payload, high unserviceability 
because of poor maintenance features, low 
performance, and so on, its direct cost of 
operation is high, then no amount of admin- 
istrative excellence in reducing overheads will 
make the operations economic. 

A good example of what I mean is the 
D.H.89, an aircraft built first in 1934 to carry 
6 to 8 passengers at a cruising speed of 125 to 
130 m.p.h. which gave excellent service on the 
routes for which it was intended but which 
now, under current conditions in B.E.A. earns 
less per hour than the direct costs of 
Operation. The reason for this is mainly 
because of present-day costs such as high 
landing fees; in fact, as you saw in the Press 
not long ago, the cost of the landing fees on 
the Cardiff-Weston-super-Mare shuttle service 
on which this aircraft was used, was 85 per 
cent. of the revenue. 


6.2. THE DAY-TO-DAY PROBLEM. 

The margin between revenue earning 
potential and direct operating cost is 
obviously the measure of the problem of 
making operations economic with a given 
type of aircraft. This is the day-to-day pro- 
blem. Equally important is the problem of 
replacement aircraft and new types, since 
these give us the opportunity to provide the 
cheap transport referred to earlier. 

Taking to-day’s problem first, what factors 
in the operation can be used to improve 
economy? This is a matter of making the 
best use of existing equipment. 


6.2.1. Direct operating costs — main- 

tenance and economy. 

The unit of production of air transport is 
the product of the unit payload and the unit 
distance moved, i.e. the passenger-mile, ton- 
mile, tonne-kilometre. The direct cost of 
producing this unit is the measure of the basic 
economy of a given aircraft type. It depends 
primarily on the cruising speed and relative 
payload, provided that the utilisation, i.e. the 
total hours of revenue-earning use of the 
aircraft per year or during its life is reason- 
ably high. 

The simplest way of showing the relation 
is by the expresion : — 


1 
C= (C.+C;) (Fig. 11) 


where C = unit direct pence /tonne-kilo 


operating cost pence /ton-mile 


pence / passenger-mile 
f=load factor= 
Payload carried 


Payload capacity for the stage 
W,= payload capacity for the stage 
V,, = block speed = 
Stage distance (D) 
Total time of journey, start to stop 
C,=fixed charges plus operating costs per 
unit time 
C,;=fuel cost per hour. (Sensibly indepen- 
dent of stage distance.) 

In considering this expression for a given 
aircraft type, it is clear that the only factor 
susceptible of variation is C,, which depends 
on rate of use, i.e. operational hours per 
year and maintenance charges. These are 
intimately inter-connected since, as is well 
known, if maintenance time is excessive, 


utilisation cannot be high. As compared with 
other forms of transport, maintenance has a 
much greater effect on operational time 


97 


| 
S 
T 
t | 
t 
y 
| 
' 
i = 


N. E. ROWE 


UNIT DIRECT OPERATING COST (C) 


STAGE DISTANCE (D) ———> 


Fig. 11. 
Diagram of direct operating costs. 


-f= load factor 
Wp=payload available for stage 
Vp =block speed 

Ve=cruising speed 


because of the frequency of inspections and 
the time taken to complete them, done at 25, 
50, 200, 400-hour periods, in addition to a 
daily inspection of fitness for flight. This 
high degree of inspection is a reflection of the 
complex nature of the vehicle we are dealing 
with in air transport, and the necessity for 
safety. Reduced maintenance may have a 
double effect on cost, first by increasing the 
time available for operation and second, by 
reducing the cost of the work. 

These effects are illustrated diagrammatic- 
ally in Fig. 12, the dotted lines showing the 
changed conditions. The dotted horizontal 
line represents the unit fare and the improve- 
ment in the margin between unit revenue and 
unit cost is clear. Total revenue, of course, 
is further increased in the ratio of utilisations 
U./U,, provided that the increase in traffic 
capacity made available can be effectively 
used. In a given route system, the increase 
in utilisation implies an increase in frequency 
of operation on the routes which may be 
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to=time for (taxi+take-off+ landing 
+excess in climb and glide) 

Cs=fixed charges+operating costs per 
unit time 

Cf= fuel cost per unit time 


reflected in a_ reduction of load factor. 
Expressed in another way, the effect of main- 
tenance in improving utilisation is to allow 
the same traffic to be moved with a smaller 
operating fleet. 

The importance of maintenance in econ- 
omic operation cannot be over-emphasised. 
With a given type in which the design cannot 
be substantially altered, maintenance time 
can be reduced only by improved facilities 
and organisation of the work. A remarkable 
improvement in maintenance in B.E.A. is 
being achieved now by application of these 
principles. For future types, the matter is in 
the hands of the designers, advised by 
operators. 


6.2.2. Economy and utilisation. 


The economic benefit of increasing utilis- 
ation can be seen from the diagram. It is not 
confined only to the aircraft, but includes the 
staff, buildings, and facilities of all kinds, as 
is clear from the curve of overhead costs, 
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which is drawn on the assumption that the 
overhead is designed for a fairly high 
utilisation. These conclusions are, of course, 
only valid provided that traffic can be built 
up at the increased frequency implied by the 
higher utilisation, so that the load factor 
remains sensibly constant. 


6.3. NEW TYPES—INFLUENCE OF SPEED 
ON ECONOMY. 

From the above it is clear that the means 
of obtaining improved economy with existing 
types of aircraft are strictly limited. The 
solution to the problem of cheap air travel 
must be found in the new types of aircraft yet 
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to be built: the main responsibility then rests 
with the operator in specifying his require- 
ments, and with the designers in meeting them 
in collaboration with the operator. Here the 
operator has a peculiarly onerous respon- 
sibility, since he must not only formulate his 
probiems correctly, but he has to look eight 
to twelve years ahead, since it takes six to 
seven years to get a new type into operation 
from the time requirements are first thought 
of and it must give good competitive service 
for upwards of ten years. He must, therefore, 
look for sober, reliable. estimates ftom 
designers—airframe, engine and equipment— 
of what is likely to emerge in practical form 
in this long-term view. If too much is 
attempted, there is the risk of protracted 
development, the aircraft finally arriving out 
of due time; on the other hand, lack of 
enterprise in design may result in a non- 
competitive aircraft. The problems arising 
are discussed below, including that of the 
development of new types so that they are in 
a State fit to give efficient service when they 
reach the operator. 

6.3.1. New types—major factors in direct 
cost. 

As a first step, we may give a little more 
consideration to the expression for direct 
Operating cost. It may be re-written : — 

C=(1/f.W,) { (t./D)+ A/V.) } (C.+ Cd 
where V.=steady cruising speed at best 

height 
to—time for (taxy + take-off + landing 
+ excess time in climb and glide). 


To a first approximation, we can say that 
C, and C; vary as total weight W. Then for 
a given utilisation and stage distance we see 
that direct operating costs vary inversely as 
the ratio of payload to maximum take-off 
weight. In other words, weight per passenger 
is the most significant single parameter in 
considering direct costs for a given stage dis- 
tance. Cheap air transport can only be 
obtained by a marked reduction .in all-up 
weight of aircraft per passenger. This is a 
much more direct and simple method than, 
for example, increasing speed to improve 
economy, since it may not be possible to use 
the speed to the best advantage. The most 
effective factor in design to this end is the 
reduction in structure weight and, of course, 
in the weight of equipment and amenities 
which are specified by the operator as essen- 
tial for safety and comfort. Taking f¢, as one- 
third hour, a reasonable value, it is clear that 
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V.. becomes a dominant factor at distances 
beyond about 1,000 nautical miles, but only 
if the other variables can be held reasonably 
constant. This implies at increasing values of 
V. not only lower aircraft drag for a given 
power plant (i.e. keeping C; constant), but 
also avoiding any substantial increases in 
manufacturing and maintenance costs and 
maintenance time due to increase of cruising 
speed. At shorter stages cruising speed has 
decreasing importance as a major parameter, 
e.g. at 200 nautical miles stage distance the 
effect on direct cost of varying V. alone is as 
follows : — 


V.. (knots) 200 350 400 
Index of speed 1 LS ge 
Index of direct cost 1 0.75 0.625 


i.e. doubling cruising speed saves only 374 
per cent. direct cost. 


6.3.2. Economic use of speed. 


It is clearly of fundamental importance that 
the speed shall be usable, i.e. that the 
increased frequencies, implicit in the use of 
higher operating speeds in a given route 
system and at an economic utilisation, can be 
generated without any pronounced decrease 
in load factor. For this reason, high speeds 
become increasingly difficult to use as stage 
distance decreases. This is illustrated by 
Fig. 13, which shows how frequency, speed 
and stage distance are related for a daily 
utilisation of eight hours, which is convenient 
for maintenance periods and would result in 
a satisfactory annual utilisation. Bearing in 
mind commercial timings (in general concen- 
trated in the morning and evening on the 
shorter stages), it can be seen that the high 
speeds may lead to unsuitable frequencies and 
timings at stage distances less than 500 
nautical miles. Obviously much depends on 
distribution of population and conclusions 
reached in regard to, say, the Eastern area of 
the U.S.A., would be quite invalid when 
applied to Europe. 


6.4. FORECASTING TRAFFIC. 


The above illustrates in simple terms some 
of the many problems to be solved in obtain- 
ing the cheap air transport which is our 
objective. Everything rests on obtaining the 
right aircraft for the work to be done, i.e. to 
fit the route system. The first thing, then, is 
to define the task. Here a peculiar difficulty 
arises. Peculiar, that is, to the field of air 
transport. It arises from the protracted time 
taken to bring a new type into operational 
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use after initial specification of requirements. 
Depending on the size and complexity of the 
type, this may be a period of four to eight 
years, and it becomes necessary to forecast 
not only traffic in the area as a whole, but 
over specific routes in regard to volume and 
frequency. This is a major problem. It was 
touched on by Edward Warner in his Wilbur 
Wright lecture in 1943, when he suggested 
that traffic between two towns varies directly 
as the product of the populations and 
inversely as the distance. It has also been 
studied by Platt. who concluded that the law 
is best represented by the square root of the 
product of the populations and inversely as 
the distance. Presumably both refer to maxi- 
mum demand after the traffic has been 
Steadily developed for some time. Hence 
there are two aspects of the problem :— 
(a) the development of traffic: 


(b) catering for the full potential traffic; 
and these must affect the choice of aircraft in 
an operating fleet since both phases must be 
handled economically, if possible. 


6.5. DEVELOPMENT OF NEW TYPES OF 
AIRCRAFT. 


The development of new types of aircraft 
to the state when they are fit for civil 
operation is a new problem of administration 
and finance arising out of three main factors: 


(i) the increase in size and speed of the 
types needed; 
(ii) the increase in complexity and quality 
to meet requirements; 
(iii) the rising costs of research, design, 
labour and materials. 


This problem must be solved if we are to 
have for future operations a steady succession 
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of replacement aircraft, as we have had in the 
past. The problem has two main parts; first, 
the design and construction of a prototype 
and, second, the flight development over the 
routes to find out and correct those faults 
which, if allowed to remain, would cause 
protracted unreliability and uneconomic run- 
ning in operation. The operator is vitally 
concerned in both parts; he alone can give to 
the designer the interpretation in detail of 
his main requirements as affected by his 
standards, methods and experience in all 
phases of operation—piloting, navigation, 
training, crew fatigue, passenger comfort and 
especially, maintenance. In fact, he must be 
brought in as an essential member of the 
design team. But the operator cannot 
develop aircraft and operate them at the same 
time; it is too expensive. He is, however, an 
essential partner in the process, which may 
be best done by operator and constructor 
conjointly, although each may look for 
financial support from national resources. 
I think our American friends are moving 
towards this idea of financial support from 
the national purse for the development of new 
types. 

The period of development may be a con- 
tentious subject, but in my view it should at 
least cover a full year of flying and two major 
overhauls of airframes and engines, i.e. 
upwards of 1,000 hours. This process will 
undoubtedly be expensive; but by forestalling 
operating and engineering troubles in service 
it will prove an overall economy. It will also 
give opportunity to work out economic main- 
tenance processes and hence promote good 
utilisation from the outset. It is worthy of 
note that the Constellation had about five 
years of development prior to use by civil 
operators. 


6.6. MINIMUM NUMBER OF TYPES. 


A further problem influencing economy for 
the future is that of the number of separate 
types of aircraft needed to provide adequate 
air transport throughout an area of oper- 
ations. The nature of the problem depends 
on the varying character of the traffic, the 
degree of separation of zones of dense 
population and the need to serve isolated 
areas of scattered communities and sparse 
populations, but it is quite clear that the 
number of tynes should be reduced to the 
minimum consistent with service to the com- 
munity as a whole. The U.S.A. has shown 
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at one stage practically all the traffic was 
moved in the ubiquitous DC-3. Scheduled 
airline operation was reduced to its simplest 
form; perhaps the apparent simplicity misled 
both the Americans and ourselves as to the 
real difficulties and problems involved in air 
transport and its growing development. The 
B.E.A. route system exhibits in a peculiar 
degree the characteristics demanding ideally 
a large number of types and hence setting a 
problem in service and economy, in the com- 
promise to be made in reducing the numbers 
of types. This basic difficulty is intensified 
by the high variation in seasonal traffic and 
the high proportion of pleasure and tourist 
traffic under normal conditions. 

The principle of minimum number of types 
has wide implications, leading to as high a 
degree of standardisation as possible through- 
out a fleet, e.g. common basic design for 
passenger and cargo carrying; common navi- 
gational aids: use of same power plant in 
different types and so on. Here I suggest we 
see a problem of international standard- 
isation, especially in those elements of design 
or use which have a bearing on safety. 
Perhaps the [-C.A.O. organisation intends to 
handle this, but it will clearly need the most 
careful treatment to avoid handicapping new 
ideas or stultifying invention. 


6.7. ECONOMY AND INTERNATIONAL 
ORGANISATIONS. 


The whole problem of economical oper- 
ation is now inseparably linked with the 
decisions of the international organisations, 
1.C.A.O. and 1.A.T.A. It is essential that 
operators should have the quality and number 
of staff effectively to present and argue their 
case at national and international conferences. 
Many of the questions raised are of wide 
national significance, and it would be a just 
recognition of responsibility to make a grant 
specifically for this service out of national 
funds. 


7. SUMMARY. 


To summarise, in my view the main pro- 
blems facing airline operations are :— 

(i) the provision of reliable and regular 
service in all reasonable conditions of 
weather and climate involving the 
solution of navigational and_ traffic 
control problems in low visibility: the 
provision of first-class flying qualities 
of aircraft, especially in the approach 
and landing conditions: the develop- 
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ment of aids to visual landing in low 
visibility conditions; the solution of 
present problems of pilot fatigue, and 
so on. 


(ii) the economical achievement of the 
highest standards of safety, i.e. safety 
with economy, involving a_ correct 
appreciation of responsibilities as 
between operators and_ regulatory 
authorities; the best use of air traffic 
control in relation to overall economy: 
full development by operators of 


standards and methods of operation 
and training schemes to this end; and 
full appreciation of the problem in 
formulating new requirements. 


(iii) to reduce the cost of air transport, 
mainly affected by the provision of the 
aircraft best suited to defined tasks— 
hence the problems of defining the 
tasks, of employing the minimum 
numbers of types of aircraft to dis- 
charge a wide variety of duties and the 
best use of those aircraft. 


DISCUSSION 


Sir Conrad Collier, K.C.B., C.B., C.B.E. 
(Fellow): It was impressive how every aspect 
of the problem and every agency interested 
in it were so closely linked together, so that 
every development in any part of the organis- 
ation would inevitably affect the whole 
problem. That seemed to show the need for 
the closest collaboration between all in the 
Industry-—those concerned with safety regu- 
lations, those responsible for negotiating 
international standards and regulations, the 
operators, the Air Registration Board, the 
Ministry of Supply—and unless there were 
the closest team work by all concerned, there 
seemed to be many chances of misunder- 
standing and of failure to achieve the end. 

It was of immense importance to everyone 
interested in civil aviation that the operators 
and all others concerned should watch 
LC.A.O., because anything that was decided 
after discussion by that body and was put 
into international regulations might affect, 
to a very large extent, the economy of 
operations and other aspects of civil aviation. 

One of the most direct means of effecting 
greater safety and improving economics was 
to cut down fuel consumption; Mr. Rowe had 
shown plainly that that aspect was not only 
essential to control, but to economics, because 
it reduced the weight of the aircraft. 

It was generally agreed that the air traffic 
control problem needed research and 
development and they were likely to need 
some place where they could practice new 
techniques in the air. He would like Mr. 
Rowe’s views on that; the difficulty in civil, 
as opposed to military aviation was in prac- 
tising new ideas; when the scientists and the 
Operators were brought together and pro- 
duced the new ideas, they would need to try 
them out experimentally before introducing 
them at and around international airports. 


Professor A. A. Hall (Fellow): Mr. Rowe 
had based some of his points on “actual” 
meteorological data, rather than on “fore- 
cast” data. But the operation of aircraft over 
stage distances which were other than small 
would, he imagined, be conditioned by the 
forecast, rather than the’ actual weather. 
How was the comparison between cancel- 
lations or delays and weather influenced by 
using “forecast” weather rather than “actual” 
weather? 


The traffic control problem was rightly 
stressed as an outstanding difficulty facing 
civil aviation. Simple statistics showed some 
interesting points concerning it. There were 
two “extremes” in the type of arrival pattern; 
at one end, the entirely random arrival, and 
at the other the completely ordered arrival, 
quite accurately to schedule. If aircraft 
arrived absolutely on time, and if the schedule 
were suitably arranged, the rate of arrival 
could equal the maximum landing rate of 
which the airport and its facilities were 
capable. If the arrivals were completely 
random, the allowable average rate of 
arrival must be around one half the airport’s 
possible landing rate, for, if arrivals were 
random the chance that in some period the 
rate of arrival would be twice the average 
was substantial. From this viewpoint, one 
object of the control system was to convert 
what would otherwise be random arrivals into 
as ordered a pattern as possible, so increasing 
the permissible safe utilisation of the airport. 
Two systems (GEE and omni-directional 
range) were quoted in the paper. Was it 
known what were the capabilities of these 
systems from this point of view? He would 
be surprised if they could be regarded as 
producing a fully ordered arrival pattern; 
what was the ratio of “maximum permissible 
average arrival rate” to “airport maximum 
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landing rate” when they were used? If the 
figures were not known, it should be possible 
to get them by suitable research at the air- 
port, and such operational research was 
deserving of encouragement. 

Mr. Rowe had hardly mentioned the word 
“passenger,” but there were problems in 
which the passenger played a part. The 
improvement in economy with increase of 
speed depended on passengers using the 
faster service to such an extent that higher 
frequencies could be maintained at high load 
factor. There were questions of comfort; the 
fast service would have to be comfortable, 
and trouble from bumpy weather might be 
more frequent in faster services. What were 
the criteria for passenger comfort? 

The passenger was concerned with total 
elapsed time, including time taken up by the 
Customs and Immigration Officers. An air- 
craft which flew a little slower than another, 
but which could carry the officials, and allow 
clearance of formalities in flight, might be the 
more attractive of the two to the passenger, 
by showing a smaller total elapsed time. 

He asked for good booking arrangements, 
in order that planning an air journey might 
be as painless as possible. The basis of 
ultimate economy was more and more passen- 
gers; one would not get them by making 
booking a major undertaking, as it often 
turned out to be at present. 


B. Kaiser, M.B.E., A.M.I.Mech.E. (Assoc. 
Fellow): The improvement of mechanical 
reliability was intimately associated with 
maintenance, and mechanical unreliability 
was the maintenance engineer’s headache. 
The inability to rely on the various mech- 
anisms in an aircraft performing to a specified 
number of hours resulted in uncertainty of 
the volume of work, and the general principle 
of “reject on condition,” 7.e., the decision as 
to whether a component or accessory needed 
removing, depended on the individual exam- 
ination of every part; in other words, there 
were as many standards as there were 
Inspectors. That, in turn, resulted in main- 
tenance being the familiar pattern they all 
knew, namely, a series of emergencies. 

That inability to forecast and plan the 
arisings of work resulted in : — 

(a) Unbalanced flow of work in hangars and 
workshops. 

(b) Inability to forecast spares requirements. 
Usually, to cover that, spares were 
ordered to arbitrary standards far in 
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excess in respect to some items, others 
being missed completely. 

(c) The whole maintenance programme was 
thrown out of gear and the staff, from 
the chargehand to the chief engineer, 
were largely occupied in chasing the bits 
and pieces, all urgent. 


True, some attempt had been made to 
establish the failure rate, maybe on the 
number of defects per 1,000 hours. Imagine 
what that meant! To establish the life of a 
component they had to wait until a defect 
appeared, conscientiously plot it, hoping that 
the defect was not sufficiently serious to 
cause disaster. 

Several airlines, particularly in America, 
had laid down their own standards of life for 
components and those standards varied from 
company to company. 

One of the greatest problems facing British 
civil aviation was the maintenance problem 
and he thought it had not received the 
detailed scientific study and analysis com- 
parable, say, to that devoted to the design of 
aircraft. He suggested that first, they should 
study depreciation of the aircraft structure 
and components as a research programme 
and try to establish, through quality control 
methods at the manufacturers’ and mainten- 
ance bases, factors showing the rates of 
depreciation of the various items leading to 
guaranteed life hours for those components, 
i.e. a time-life on which the maintenance 
engineer might plan his workshop. 

Dealing next with ground facilities, and 
particularly the design of hangars, he gave 
as an example an airline having a fleet of 
30 aircraft and, say, three or four hangars, 
each capable of housing six or seven aircraft. 
Some 60 per cent. of the fleet might be 
serviceable each day, arriving at the main- 
tenance base in the evening for all-night 
maintenance. To put that number of aircraft 
through the hangars in the limited time 
available, at the same time keeping the 
hangars sufficiently heated to permit com- 
fortable working conditions, was a major 
problem in industrial efficiency, particularly 
if the hangars were of the usual pattern, ie. 
rectangular, with doors at the end. 

It was probably not generally realised that 
the shape of the hangars predetermined the 
pattern of the maintenance methods. For 
instance, a long, narrow hangar with doors 
at each end meant that the maintenance 
engineer must adopt line flow maintenance, 
i.e. aircraft must move through the hangar in 
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sequence. The inability to forecast the work 
accurately resulted in bottle-necks and inter- 
mittent flow, with consequent effect on the 
punctuality of services. 

On the other hand, a hangar with doors 
down one side made the dock system of 
maintenance advisable. He, personally, was 
inclined to the view that hangars should be 
designed on a unit system, each unit being 
capable of housing one aircraft dock, the 
units being increased to suit the various 
sizes of fleet used by the operators. In any 
case there was room for a research pro- 
gramme into the problem of hangar design. 

It was pleasing to note that the R.A.F. were 
fully alive to the problems of maintenance, 
and their “planned inspection” methods 
represented scientific approach to the 
economics of maintenance. They probably 
led civil aviation in this respect. 

He had grave doubts that, whatever the 
reduction of costs obtained by increased 
maintenance and operating efficiency, the 
present administrative structure of British 
civil airlines would impose a burden of over- 
head charges on the revenue-earning depart- 
ments which would be like the old man of the 
sea clinging to Sinbad the Sailor’s shoulders. 
It appeared to him that there was an opti- 
mum size of any organisation which was 
capable of being run efficiently, and that size 
was determined by the methods of organ- 
isation which were introduced to retain 
day-to-day control of the furctionary depart- 
ments. It was also necessary to reconcile the 
conflict between the two types of authority 
which appeared in large organisations, i.e. 
the specialist or functional authority and the 
co-ordinative authority, if they were to be 
efficient, and above all to avoid the “Head- 
quarters mentality.” 


G. R. Edwards (Vickers-Armstrongs, Fel- 
low): His main impression was that the air- 
craft designer looked like getting the custom- 
ary chastening, although perhaps not so 
forcibly as on the occasion of Mr. Bain’s recent 
Empire Lecture—and he felt uneasy when 
considering Mr. Rowe’s only-too-true picture 
of the irregularities and delays occasioned by 
factors which were outside the aircraft 
designer’s control. There was uneasiness 
because they knew from long and _ bitter 
experience that what might be other people’s 
shortcomings were more than likely to des- 
cend upon the aircraft designer; that, as an 
example, the apparent inability to reach a 
consistent standard of navigational aid would 


mean that a large part of an aircraft was 
cluttered up with every combination of aids, 
including radar and radio, which the area 
over which ithe aircraft had to operate was 
likely to demand. Further, now that concrete 
was so difficult to obtain, the one-time 
popular practice of making runways longer 
and longer was perhaps on the wane. Thus 
they knew that the things they would like to 
do to the aeroplane would be limited con- 
siderably by the size of the aerodrome on 
which it had to be accommodated. Also, it 
was fairly clear that this generation of bright 
new aircraft, to which they had _ been 
encouraged to contribute, had a very fair 
chance of its brightness being dimmed by the 
absence of the ground facilities which were 
so important to its successful and economic 
operation. 


In short, the crystal into which they had 
gazed three or four years ago had a little 
distortion in it. To quote only one aspect 
as it then appeared: the apparent facility with 
which turbine-engined aircraft would be able 
to hurl themselves from one place to another, 
straight off one piece of ground and straight 
down on to another, without any question of 
waiting fifteen minutes or two or three hours, 
meanwhile consuming vast quantities of fuel 
—a problem which had given them tremen- 
dous worry for the past two or three years— 
did not now appear so good; the picture they 
had seen in the crystal a few years ago had 
not come out quite to the shape they had 
thought it would. That might be a painful 
realisation, and he felt they should echo Mr. 
Rowe’s remark that the operators, in advising 
the designer of the type of aircraft he had to 
produce, had a very heavy responsibility. 
Possibly, he might be speaking for some of 
his brethren if he stated that he really did 
agree about that! The operators had a con- 
siderable responsibility in deciding on the 
sort of aeroplane that was going to be used 
in the far-off days, when the designer’s some- 
what unfortunate efforts had been hammered 
and pushed, flown and mangled and taken to 
pieces and put together again, and then found 
to be a thoroughly unsatisfactory article, or so 
completely out of date that nobody wanted it, 
or so advanced that the aerodromes into 
which it should operate did not appear to be 
able to receive it! 

He agreed that one of the prime factors 
before an aircraft designer was to ensure that 
his aeroplane was maintainable. A most 


highly efficient structure was not a great 
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success if they could not get anything out 
without the aid of a tin-opener or some sort 
of explosive! But it was not all on the 
designer’s side. When they had to deal with 
a variety of operators all over the world, the 
varying standards of maintenance which 
existed from one to the other were impressive. 
He was interested to read that some of the 
American airlines, whose maintenance had 
always been held up as a wonderful example 
for all and sundry, had seriously considered 
and were, in fact, applying, a system of sub- 
contracting of the major maintenance. 
Organisations specially set up for the 
purpose, in some cases offshoots of the firm 
which had built the aircraft, were doing some 
of the major maintenance; and to their 
astonishment the operators had found that 
they were getting it done more cheaply than 
by doing it themselves. What were Mr. 
Rowe’s views on any possible development 
in that way, not necessarily applicable only 
to the British Corporations, but with a world- 
wide application? 


He agreed on the importance of the greatest 
possible collaboration between the Industry 
and the operators, but it would help if the 
irregularities were confined to the schedules! 


D. Atkins (B.O.A.C.): He had not heard 
before of the G.C.A. system being in use at 
La Guardia, where they still used the I.L.F. 
more frequently than anything else; and the 
one at Washington was used for emergency 
purposes only. It was a little difficult to 
accept the figures given for the use of the 
G.C.A.; and it seemed to him that they had 
nothing to learn from their American friends 
in the actual use of the G.C.A. 


Whereas in Britain they were inclined to 
be polite, the Americans were slightly scep- 
tical of the man who said “please” and 
“thank you.” It seemed to be better, in 
airport control, to be told definitely what to 
do by an aircraft controller than merely to 
be asked, as they were in this country. 


Could Mr. Rowe give an indication of the 
relative economies, for long-range flying, of 
using a large aeroplane carrying lots of 
people, or several aeroplanes, each carrying 
a smaller number, bearing in mind the pro- 
blem of maintenance and also the handling of 
passengers? He had never heard the sugges- 
tion before about the Customs official going 
on board: it seemed an excellent idea, but 
perhaps iit would be necessary to take a 
medical man and a migration man as well. 
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P. G. Masefield (Director-General of Long- 
Term Planning and Projects, Ministry of Civil 
Aviation, Fellow): Mr. Rowe had _re- 
emphasised that they had still a long way to 
go before Air Transport became a really 
commercial business. 

Dealing with the two problems which 
focused the theme of Mr. Rowe’s paper— 
which was that they had to beat the low- 
visibility difficulty in operation—he first 
discussed Economy, and secondly, Speed; the 
two being inter-related. The more they 
looked at Air Transport the more they were 
convinced that economy of operation should 
be the major watchword, in the broadest 
sense of the term. He felt that economy was 
really the most significant factor of all. 
Surely the function of Air Transport should 
be to carry passengers and goods on a com- 
mercial basis, without imposing a burden on 
the taxpayer-—however many Ministries had 
a finger in the pie. That need for economy 
had a bearing on both reliability and safety 
—indeed on all other aspects. Voicing what 
might be a slightly unpopular view, he 
thought that too much was heard about safety 
as such; safety was surely a part of the 
economic picture. There was a tendency 
nowadays to load up civil aviation with 
masses of expensive requirements, all 
directed at safety. These meticulous require- 
ments would not kill passengers, but instead 
they might kill the whole business because 
nobody would be able to afford to fly at all. 
Obviously, they could not have absolute 
safety or absolute reliability if true economy 
were the objective. They could achieve only 
the amount of safety and reliability we could 
afford. Possibly, if they were really out for 
complete reliability and safety, they would 
not travel in aircraft at all, but would use 
television instead and keep their bodies on 
the ground. That would not achieve the 
desired end in, for instance, sending a cricket 
team to Australia, or for taking Mrs. Jones 
out to Mr. Jones in Calcutta. But if they 
were satisfied with a safety factor of 90 odd 
per cent.—which might mean that they would 
only kill one person in 20 or so million 
passenger miles — bookings would remain 
high (as on railways) because the public 
would not be killed frequently enough to 
frighten them. But if they strove for absolute 
safety, the costs in such things as landing 
aids would be so great that fares would rise 
enormously. To put the matter brutally, 
how safe was it worth being? If the safety 
factor were too low, so many passengers 
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would be killed that nobody would dare to 
travel by air. If too hign, nobody could 
aflord to fly. The old law of supply and 
demand should provide the right answer on 
an economic basis. 

On the question of speed, Mr. Rowe had 
indicated some of the problems of operating 
with present types of aircraft. They were, 
in all conscience, serious enough in conditions 
of low visibility. He was worried about the 
eflect of turbine power plants on those 
problems. The turbine was relatively inflex- 
ible in the matter of consumption and in 
relation to heights and speeds. They could 
not “stack-up” a turbine. Yet at the Anglo- 
American Aeronautical Conference, in Sep- 
tember last, person after person ignored this 
fundamental operating fact and had driven 
figurative nails into the coffin of the piston 
engine. The more he thought about Mr. 
Rowe’s paper the more he was convinced 
that the turbine-engined aeroplane was at 
present economical only in good weather. 
And they could not afford a machine which 
was Only useful in good weather. He pre- 
dicted that it might take longer than had been 
thought to bring turbine aircraft into com- 
mercial aviation. But once that problem of 
turbines was beaten and they achieved the 
turbine’s extra speed—bringing with it more 
revenue miles for a given aircraft utilisation 
per year—the turbine aircraft would be more 
effective and cheaper from the passengers’ 
point of view. So that again focused atten- 
tion on the main problem of low visibility 
operation. 


W. Tye (Air Registration Board, Fellow): 
On the illustrations of the cancellations of 
aircraft caused by bad weather, what pro- 
portion was due to bad weather and icing 
conditions? He suspected that, in respect 
of the operations which B.E.A. conducted, 
probably a large proportion of cancellations 
was caused by forecasts of ice; but it would 
be interesting to know whether in these cases 
ice was actually present in the atmosphere, 
giving rise to danger, or whether the meteor- 
ological forecast indicated ice, the actual 
presence of dangerous ice being uncertain. 

That led to a point where safety and 
economy could be balanced. If they could 
not rely on accurate meteorological forecasts, 
presumably they would have to build the best 
possible de-icing equipment for aeroplanes, 
at considerable expense in the aircraft design. 
On the other hand, if they could improve the 
Meteorological facilities in order to obtain 


much more precise forecasts of what would, . 
in fact, be encountered in the atmosphere, 
they could perhaps use less expensive and 
less heavy equipment on the aeroplane and 
could fly safely on a large proportion of the 
days of the year. Then they might balance 
the expense of those two aspects and decide 
whether it was better to put their money into 
the aircraft equipment or into improved 
meteorological facilities. 

As to regulations, and in particular the 
influence of I.C.A.O. on regulations, the 
operator had to be provided with information 
as to the performance of the aircraft 
in different temperatures, pressures, winds, 
and so forth. The operator would then be 
required to comply with certain rules, 
whereby he had first to determine the inform- 
ation provided for the aeroplane, and to 
compare this with the particular routes along 
which he proposed to fly, thus judging the 
safe all-up weight of the aircraft. This pro- 
cedure would be quite expensive. It would 
mean more testing of the aeroplane, more 
men in the operator’s employ to do the 
necessary flight planning. Did Mr. Rowe 
think that would lead to more safety than the 
previous practice, which had depended 
far more on the general background of 
experience of individual pilots and, if it did 
lead to more safety, would it be very 
expensive safety? 


S. J. Patmore (Consulting Engineer, 
Associate): Had Mr. Rowe, in considering 
the problem of airline operation from the 
maintenance engineer’s angle, had experience 
of the statistical work involved in the appli- 
cation of the principles of quality control, 
the determination of periods during which 
components could operate satisfactorily, and 
the ultimate group replacement of various 
components, irrespective of their condition, 
at specific times? 


S. Scott Hall (P.D.T.D. Ministry of Supply, 
Fellow): Operators had a serious respon- 
sibility to the Aircraft Industry in formulating 
and stating their requirements. The formu- 
lation of requirements was a difficult matter 
indeed. The operators, no doubt, were 
handicapped by not having long years of 
experience in forecasting, for that was what it 
amounted to; but it was obvious that, if they 
were to advance in civil aviation, a great deal 
more thought had to be given to this work by 
the operators. He suggested that there was 
a tendency to rely on the Ministries and the 
Industry to think up new ideas; but it was 
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only if the operators really played their part 
that they could get going. It was a long 
journey from thinking out the type of aero- 
plane to getting that aeroplane into service; if 
the thought did not come at the right time, 
then the aircraft was too late, or there was no 
production behind it, or there was some 
reason which would prevent it getting going. 
Even when they had a first-class aeroplane, 
there were many pitfalls in making it a first- 
class civil flying proposition. 

Mr. Rowe had referred to the development 
of civil aircraft suitable for airline use; under 
present conditions, either they could have an 
aeroplane in which all the factors were well 
known and tried, with the result that when it 
came into operation on the airline it would 
be well behind that which their competitors 
might use, or they could have something 
advanced, but with the risk that it would be 
unsuccessful. Someone had to think out a 
way to ensure that the advanced type could 
be tried out and proved before going into 
airline service. It was largely a matter of 
money, and a difficult problem which would 
well repay study. 


E. S. Calvert (Royal Aircraft Establish- 
ment): The two impressions left on his mind 
by the paper were, first, that the main 
problem before airline operators was that of 
maintaining regularity and second, that the 
chief factor in upsetting schedules was bad 
visibility. Mr. Rowe had mentioned that 
some work was now being done at the R.A.E. 
on high intensity approach and landing aids. 
He would confirm that and would add that 
judging from some tests which he had been 
making during the recent foggy weather, he 
now believed that this work would be more 
successful than had been expected. He felt 
that the visual aids had been seriously neg- 
lected until quite recently, but much work was 
now being done on them both in this country 
and in America. Indeed, the Americans now 
had an experimental station whose chief job 
at the moment was the assessment of various 
types of new high intensity aids. 

Briefly the problem was as followed: when 
a pilot was making an approach in good 
visibility, he judged his height and distance 
by watching the pattern formed by the edges 
of the runway and the horizon. In bad 
visibility the whole of this pattern was blotted 
out and the question was then whether it was 
possible to substitute for it a pattern of lights 
in the approach zone, such that a pilot seeing 
a limited amount of this new pattern would 
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know, first, whether the aircraft was under- 
shooting or overshooting, second, whether the 
aircraft was correctly aligned with the run- 
way, and third, whether the aircraft was 
banked. He was satisfied that all this inform- 
ation could be conveyed by means of a 
pattern which tests had now shown could be 
interpreted instantly and instinctively, par- 
ticularly if the pilot were given preliminary 
training on a device which simulated what he 
would actually see in various densities of fog. 

The question then arose as to what were 
the limiting conditions in which these high 
intensity aids could be relied upon to link up 
smoothly with existing radio approach aids. 
This could only be finally settled by the 
experience gained when the system had been 
installed on a busy airport, but from 
observations he had made from a captive 
balloon during the past week, he had no 
hesitation in saying that aircraft which had 
made an approach by radio down to 300 feet, 
could quite easily complete the approach and 
landing in the kind of weather they had been 
having that week, that was, in meteorological 
visibilities of the order of 500 yards. He had 
observed a full-scale installation of high 
intensity approach lights that morning, and 
had found that the range in daylight exceeded 
2.000 feet. From tests made on the simu- 
lator, there seemed to be good hope that safe 
landings could be made if the lights could be 
seen at half this distance. He expected that 
in an aircraft with a reasonably good view 
ahead, it would be possible to make landings 
on the new “horizon bar” system in meteor- 
ological visibilities of the order of 200 yards 
in daylight and 100 yards at night. 


Squadron Leader E. Coton (Assoc. Fellow) 
contributed: \n 1939 a small unit responsible 
for the introduction of the Lorenz system 
into the R.A.F. considered that it would 
enable aircraft to land in conditions of 100 
yards visibility, horizontally and_ vertically. 
Even if that estimate were optimistic, and 
they themselves bettered it, it was disappoint- 
ing that, eight years later, they could not 
manage that with a reliability adequate for 
commercial use. Those who advocated the 
automatic system as the only sure solution, 
had, he thought, perceived one of the main 
reasons for this sorry state of affairs, which 
was that the characteristics of the mlot were 
not properly considered; now they were often 
assumed to constitute an insurmountable 
obstacle to a solution of the blind, or neat 
blind, landing problem, the pilot therefore 
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having to be dispensed with altogether. One 
big difficulty which was always encountered 
in poor weather at low altitude was that the 
pilot, in order to retain control of his aircraft, 
must fasten his gaze on the instrument panel. 
Another was accurate control of the descent, 
for which the pilot must rely on the throttles: 
it was noticeable that automatic installations 
mostly left the throttles to the supposedly 
redundant pilot—a singular indication of the 
inadequacy of that particular control to play 
its part in a blind landing. It was quite clear 
that with the advent of turbines, something 
much more responsive would have to be pro- 
vided to control the glide path. 


He would like to suggest the adoption of a 
rather different approach and landing tech- 
nique from that in use at the moment. Its 
aim would be to have the throttles fixed and 
to make the approach and hold-off at con- 
stant attitude. This was achieved by the use 
of a spoiler so designed that at constant 
attitude, the speed remained approximately 
constant; it would affect the lift of the wing 
raher more than the drag, and would, in 
consequence, be highly responsive. Such a 
control was, he believed, favoured for deck 
landing purposes. Attitude, air speed, and 
azimuth position relative to the localiser 
were now features: which did not vary 
during approach and_ hold-off, and were 
thus admirably suited to control by auto- 
matics, or, as he would prefer it, by the 
second pilot, as in his experience pilots found 
it quite easy to follow a beam accurately if 
close attention to height were unnecessary. 
He might also have the assistance of G.C.A. 
monitoring. The first pilot, operating the 
spoiler. would be able to concentrate on 
controlling the descent and, if his height 
instruments were suitably placed, or G.C.A. 
monitoring were available, could keep a look- 
out as well. If he did not see the approach 
lights by the time he had reached the inner 
beacon, a blind landing could be effected 
merely by retracting the svoiler to give a rate 
of descent of less than, say, 10 feet per 
second. 

This method of relieving the first pilot of 
the job of controlling the attitude of the air- 
craft by emploving the second pilot, or the 
automatics, such as they were, was widely 
used in Bomber Command for the purpose of 
gaining visual, without phvsical, contact with 
the sea surface when the cloud was extremely 
low. One of the leading exponents was the 
late Wing Commander Guy Gibson. If the 


landing system were fully automatic, the 
installation would have to be considerably 
more complicated, and it would have to be 
accepted that a component failure would 
often be catastrophic. Components would 
have, in consequence, to become more 
reliable than would seem possible at the 
moment. 

One point often overlooked in traffic con- 
trol, was that an aircraft took about two 
minutes to get clear of the runway from a 
point on the approach at 200 feet, and two 
minutes was therefore the minimum landing 
interval if the runway were obscured to the 
aircraft following. If they then took an 
optimistic average of three minutes between 
landings, estimates of airport capacity in bad 
weather appeared to be rather optimistic, as 
Mr. Rowe pointed out. Further, if centre- 
line taxi lights were not provided to assist 
the aircraft on to the taxi track the two 
minute estimate would also prove optimistic. 

From his own experience as a pilot and his 
contacts with Mr. Calvert’s investigations into 
airfield lighting, he believed that an instal- 
lation designed on the lines suggested by him 
would so reduce the incidence of effective 
zero-zero conditions that it would no longer 
be a matter of dire urgency to develop a 
blind touch-down technique. 


H. M. March (Associate) contributed: One 
of Mr. Rowe’s most important points was the 
fact that unless landings were achieved and 
the landing rate maintained with safety in bad 
visibility, all the vast planning programmes 
for aerodromes, landing rates and economics 
went by the board. 

It appeared that Mr. Rowe had been think- 
ing in terms of the scheduled operator, and 
as so often happened the weakest link in the 
chain had been left dangling to foil the main 
plan; this was the charter and private flyer 
who would not be able to afford the equip- 
ment necessitated by the control visualised, 
because of the cost or weight. 

He believed that more thought should be 
given to this problem of the future, and hoped 
to see the number of private aircraft in the 
air over England far outnumber the com- 
mercial aeroplanes: now was the time to plan 
for this problem, as they might not in the 
future, be able to refuse these aircraft landing 
facilities at major airports. 

He gained the impression during the first 
part of the paver that Mr. Rowe considered 
I.L.S. and S.B.A. far superior to the 
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G.C.A. approach. He had had considerable 
experience with most landing aids, especially 
the latter, and there was no doubt in his mind 
that the full possibilities of the G.C.A. 
approach had not yet been fully realised in 
either this country or in America. He was 
sure that it would be found by experience 
that safer landings with lower minima would 
be achieved by G.C.A. than any other aid 
visualised for a number of years to come, and 
that a landing rate of one per minute would 
be possible with certain modifications; this 
figure was more dependent on a system being 
evolved for clearing the runway for incoming 
traffic. 


The following points should be taken into 
consideration with reference to G.C.A., 
especially from a user’s point of view. 


1. No distortion in the G.C.A. beam, 
already mentioned in the paper as 
affecting I.L.S. and S.B.A. 

. A steady approach path to the runway, 
with no bracketing of the beam. 

3. No extra equipment in the aircraft other 
than extra R/T frequencies, therefore 
suitable for all types of aircraft, operator 
or private flyer. 

4. Although the cost of the ground equip- 
ment and its operation and maintenance 
was expensive, this could be offset many 
times over, when the comparative 
cost to civil aviation of the ground 
equipment, maintenance and individual 
aircraft equipment was taken into con- 
sideration for other aids, on a national 
or world-wide basis. 

5. A pilot was continually informed of his 
distance from touchdown, and _his 
position in relation to the glide path. 

6. There was less strain on the pilot, and 
G.C.A. allowed a tired pilot to concen- 
trate on his instrument panel and 
landing. 

7. Landings could be undertaken in safety 
with lower visibility and cloud base than 
other aids. 

8. Given the frequencies, a steady landing 
rate of 20 to 24 per hour could be 
achieved on one runway now, with a 
landing rate of 60 per hour possible on 
one runway in the future. 


bo 


The development in high intensity lighting 
was interesting. but care was needed when 
applving this aid to taxi tracks during bad 
visibility conditions, because it had been 
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known for pilots to mistake taxi tracks for 
runways and either land on them, or turn 
sharply towards them by mistake; this should 
be carefully considered from a safety point 
of view. 

Mr. Rowe had said that ultimate economy 
was dependent on the all-up weight of the 
aircraft per passenger, but he would like to 
suggest that further consideration should be 
given in this country to the development of 
lighter-than-air craft. 

It was useless for I-C.A.O. and LA.T.A. 
to lay down general safety standards, unless 
the countries and operators concerned 
realised that to achieve the desired safety they 
must accept the ultimate expense, control, 
equipment and the resultant weight in the 
aircraft. 


F. A. Roberts (Chief Engineer Aerlinte 
Eireann) contributed: He would like the 
author’s comments on the following : — 

(a) What were Mr. Rowe’s views on the 
future types of civil aircraft in relation to all- 
up weights? Was he of the opinion that 
increases on civil airlines to a maximum 
of 150,000 Ib. weight were likely to be 
exceeded? 

This rather important point required con- 
sideration from two aspects: 

(i) Existing aerodromes which, because of 
wartime expansion, had placed civil aviation 
in the position of operating aircraft at the 
present all-up weights and were probably 
capable of receiving aircraft up to a maxi- 
mum of 150,000 Ib. 

Did Mr. Rowe think that to go beyond the 
above maximum all-up weight, problems 
were going to be faced in connection with 
landing weights of aircraft and increased run- 
way length? Was it his oninion that this was 
going to affect the economical operation of 
larger types of civil aircraft? 

If they were going to limit maximum all- 
up weight and utilise more aircraft, would 
more aerodromes around the larger type of 
towns throughout the world have to be 
created? 

(ii) The expansion of aerodrome facilities 
to meet future demands was a matter which 
might have to receive immediate consider- 
ation, and he would like Mr. Rowe’s views on 
this point as the question of economical 
operation, the minimising of holing and 
stacking. would appear to be major problems. 

(b) With regard to the improvement in 
navigational aids discussed during the lecture. 
did Mr. Rowe think that present aids had 
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reached their limit so far as their application 
was concerned, or was further development 
to improve existing aids possible? 

He thought that to add more equipment to 
the already over-equipped cockpits would 
approach the stage where it would become 
an impossibility for the average airline pilot 
capacity to operate efficiently, taking into 
account the duplication and, in some cases, 
triplication, of instruments to meet safety 
requirements. 


Did Mr. Rowe think that the intro- 
duction of jet type aircraft into civil aviation 
was going to limit operation of civil aircraft 
to the almost ideal weather conditions, 
thereby cutting down utilisation figures to an 
absolute minimum? 


K. G. Wilkinson (British European Air- 
ways, Assoc. Fellow) contributed: There 
were four main question groups to which an 
operator required answers on any component 
of an aircraft, whether it were a turbine or a 
tailwheel. 


(a) What did it weigh as installed ready to 
perform its function on the aircraft? 

(b) How much did it cost to maintain and 
what was its life? 

(c) How did it affect performance (by its 
influence on drag, propulsive efficiency, 
permissible flying weight, and so on)? 

(d) What was its first cost? 

Each function performed on the aircraft 
could be done in a number of ways, but until 
those questions had been answered it was 
usually impossible to say which way was best. 
Answers to (b) and (d) were commonly the 
most difficult to get, but unfortunately a 
choice made neglecting these features could 
easily be the wrong one. 


Propeller turbine engines were an impor- 
tant instance where such a choice had to be 
made. Mr. Masefield commented on the 
adverse effect of fuel allowance for stacking 
on the attractiveness of turbines for civil 
Operations. This was only a part of the 
picture and the final outcome depended very 
much on the answers to (b) and (d), and on 
the part played by actual installation weight 
in (a). If installation weights were low, then 
for a typical medium range operation of 
about 500 nautical miles the turbine was 
competitive, in spite of high fuel reserves 
(which it was hoped were a passing phase) 
provided that answers to (b) and (d) were not 
appreciably worse than for reciprocating 
engines. 


So far as the commercial operator was con- 
cerned, therefore, a great deal depended on 
getting reliable estimates of (b). At present 
it did not appear possible to make such 
estimates and a necessary first step to putting 
propeller turbines into civil oneration was to 
carry development to the stage where a fore- 
cast could be made. Not until then would 
the regularity and economy, which the 
lecturer rightly stressed, be sufficiently cal- 
culable to enable the choice to be made with 
reasonable risk. 


The assumption that hourly costs and fixed 
charges varied as all-up weight, might not 
give a satisfactory approximation. In fact, 
a great deal of the cost involved in operation 
was incurred by inspecting and servicing 
items of equipment which need not get vastly 
more numerous or complex as the aircraft 
size increased. For example, the radio 
equipment needed for European operations 
would be the same for a wide range of aircraft 
size; engine maintenance was appreciably 
affected by the actual number of parts which 
had to be removed, inspected or repaired, and 
an aircraft with two 3,000 h.p. engines would 
not necessarily require ten times the main- 
tenance man hours required by an aircraft 
with two 300 h.p. engines. Similar arguments 
applied to power services and many othe 
parts of the aircraft; indeed, by careful design 
it might be possible to beat the “Cost pro- 
portional to weight” law quite handsomely. 


A. H. Stratford (British European Airways, 
Assoc. Fellow) contributed: The problems of 
air transport could be divided into those 
within the spheres of technics, politics and 
economics. While the first was in process of 
solution by science and industry, as described 
by the lecturer, and the second had no final 
solution, the linked problems of technics and 
economics were receiving insufficient atten- 
tion and were in danger of being approached 
by the newest of transport industries in a 
railway age manner. 


Various criteria had been suggested for the 
assessment of the economic value of transport 
aircraft, but none could be of absolute value 
as a guide to economy of operation, because 
of the fundamental variable which was the 
organisation and operational efficiency of the 
individual airline concerned. 

In the United States of America, where the 
airline business had reached high levels of 
efficiency, the ratio of indirect to direct 
operating costs for the domestic industry in 
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1946 was close to 1.5, and during the war 
years was considerably higher. Direct 
operating costs, and essentials dependent on 
operational performance of aircraft, could not 
therefore be claimed the only indices of 
economy and the engineer/economist must 
watch the trends of other criteria. 

The aeroplane as a transport vehicle was 
unique in its high direct cost of operation, due 
in great measure to (a) the short life of com- 
ponents, and (b) the high cost of materials 
and skilled labour. Further, there was for 
any aircraft an optimum non-stop distance 
for maximum earning capacity which was to 
be ignored only with dire penalty for the 
operator. Unfortunately, a multiplicity of 
operating types could only result in increased 


costs in items (a) and (b) above, so that one 
solution lay in an aggressive onslaught with 
intensive service and advertising on profitable 
routes with aircraft of the highest earning 
capacity. 

It was probably safe to say that for any 
transport aircraft now flying, there was a 
route within the European region on which it 
could be operated with a reasonable surplus 
on year-round service. 

The broader question as to what charac- 
teristics were required by an aircraft to 
achieve a profitable operating result on a 
chosen route system, had not received, up to 
now, the attention that it deserved. The 
right solution would require conjoint efforts 
in technics and economics. 


MR. ROWE’S REPLY 


Sir Conrad Collier: The inter-linking of 
agencies, the close team work needed and the 
extreme importance of being well represented 
on I.C.A.O. were of great significance, not 
only to operators, but in the national interest 
as well. 

He felt it would certainly be necessary to 
provide a place at which to practice new 
techniques in air traffic control; it might be 
necessary to set aside an airfield for that 
purpose. But the first matter in air traffic 
control was to make what might be called a 
laboratory assessment, a mathematical and 
physical matter, in order to find the best 
method, because he did not think they knew 
it at the moment. 

Professor Hall: Professor Hall’s reference 
to the effects of the random arrival of aircraft, 
was extremely interesting. His figures seemed 
to emphasise clearly the need for such means 
of navigation en route as would give accurate 
definition of position in space at all times, 
and so permit of a regular schedule of aircraft 
at all points of their flight. Randomness in 
arrival at the airport would then arise only 
out of irregularities en route or delays in the 
control area. 

With regard to the optimism or pessimism 
of meteorological forecasting, enquiry had not 
elicited very precise information, since there 
had not been a steady collection of com- 
parative data between “actuals” and “fore- 
casts” over an extended period. Quick checks 
were made from time to time; the conclusion 
from these was that the accuracy for aviation 
purposes was high, and that in the inaccurate 
cases there was no pronounced trend towards 
pessimism in forecasting. 
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With regard to omni-directional range and 
GEE, he had merely stated that it was 
claimed for them that they would give the 
facility he had indicated. He had no 
experience of omni-directional range, and did 
not think it was in use much. GEE was in 
use, in Vikings on B.E.A. routes, and they 
were now finding out exactly what degree of 
precision the navigators were achieving. 
Extensive tests had been made during the 
war which showed that, with GEE, navi- 
gation error varied with range, with position 
in the “GEE coverage,” with conditions as 
affecting signal strength, and so on, and with 
crew. The error referred to here was the 50 
per cent. probability error. In reasonably 
good conditions this was about +4 mile in 
range at 50 miles from the stations, and could 
be taken to vary with range. The error in 
azimuth was less, the ratio depending on 
range and position in the “coverage.” 
Accuracy of this order in en route navigation 
should greatly facilitate orderly, as distinct 
from random, arrival at airports. 

He agreed entirely about the elapsed time 
being important to passengers; the reduction 
of the time lost because of customs and immi- 
eration formalities was one of the factors they 
had to work at steadily in order to obtain 
improvement. This was more a political than 
a technical matter in its broader aspects. 

They must look forward to short-stage 
flying at such frequencies that passengers 
could come to the airports and go aboard 
aircraft without having pre-booked. 

Mr. Kaiser: He agreed that research was 
needed on methods of establishing the length 
of life of components, so that proper flow 
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arrangements for components could be main- 
tained. Without that there would always be 
uncertainty in connection with the main- 
tenance of aircraft, giving rise to irregularity 
in running at high maintenance cost. How- 
ever, it was a ditlicult problem to tackle “in 
the field,” since precise measurements were 
needed; probably a laboratory approach 
would be best initially. 

The point made by Mr. Kaiser concerning 
researcn on the functional design of hangars 
was a good one, although perhaps somewhat 
unrealistic in the present state of building in 
this country. The “dock” system had obvious 
advantages and should be used if at all 
possible. 

Mr. Edwards: He thought he had been 
more kindly to designers than had Mr. Bain. 
Unfortunately Mr. Bain was not present to 
give support. 

He agreed that the picture seen in the 
crystal formerly was not the picture they saw 
to-day; but the blame could not be placed 
entirely on the operators or on those who 
had been optimistic about turbine engines. 
He felt that, in Europe at any rate, much of 
the difficulty was caused by the general 
unsettled conditions; their expectations of 
really good. ground aids in all countries in 
which they wished to operate, of reasonable 
airfield facilities, and so on, had not been 
realised, whereas they might reasonably have 
expected that they would have been available 
by now. Those things had the strongest 
repercussions on the aircraft and its economy, 
because their absence meant that very much 
more reserve fuel had to be carried; that had 
a specially marked effect on turbine-engined 
aircraft, much more so than on reciprocating- 
engined aircraft. 

He had expected comments on the heavy 
responsibility borne by operators in advising 
designers; he felt it was right that the 
Operators must recognise that responsibility 
and must do what was necessary in their 
Organisations, their recruitment, and so on, 
to discharge it, for otherwise he believed they 
would not get the right aeroplanes at the 
right time. Nevertheless, the difficulties were 
great because of the time scale and because 
of the development problem, referred to by 
Mr. Scott Hali. They must look for assistance 
from all concerned and a little mercy from 
time to time, because the guesses might be 
wrong. 

It was important that, in legislating for new 
types for civil, as distinct from military, 


operation they must ensure that the aircraft 
that came forward must be ready for full 
operational use with a high standard of 
reliability, because they would replace aircraft 
which were already working effectively and 
giving public service. The civil airline 
operator must be quite sure that he would 
get what he asked for at the right time, for 
otherwise all his plans would go wrong. Civil 
aviation was very different from military, 
especially in peace-time, when there was time 
for further development in military aviation 
and, if necessary, for the rejection of aircraft 
altogether. 

Referring to the question of sub-contract- 
ing major maintenance, he thought that a great 
deal would depend on the size of the fleet, 
the number of types and the complexity of 
the maintenance operation. If the conditions 
were such that the major maintenance could 
be handled on a production line basis then, 
provided that dead flying was small, the 
method of sub-contracting might be advan- 
tageous. 

Mr. Atkins: He believed that the figures 
he had given for the use of the G.C.A. by the 
Americans referred, possibly not to regular 
operation, but to extended trials of the equip- 
ment, especially the combined use of the 
I.L.S. and the G.C.A. He had obtained the 
figures from Mr. T. P. Wright, and he 
believed they were really representative. 

With regard to the relative economies of 
operating one large aircraft and a number of 
smaller aircraft over long ranges, assessment 
was difficult without knowing details of the 
area of operation, the particular route, and 
so on, because so much depended on the 
frequency demanded. If the frequency 
demanded were high and the traffic density 
were low, the use of rather small aircraft 
might be necessary; but if the frequency 
were not high and if the traffic were suitable, 
the use of one large aircraft might be better. 
In general he would expect the large aircraft 
to be more economical than the small ones. 

Mr. Masefield: Although Mr. Masefield 
expressed the view that economy of oper- 
ation, in the broadest sense, was the basic 
factor to bear in mind in connection with 
commercial flying, he still felt that the 
development of an aircraft which would be 
able to give high regularity and punctuality 
was the primary need, because unless those 
conditions were met—and he had suggested 
a 98 per cent. factor—the public would not 
travel by air; if they wanted to be quite sure 
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of reaching their destinations at appointed 
times, they would travel by other means. But 
that objective carried others with it; if they 
could secure the aids he had mentioned, then 
probably their standard of regularity would 
be greater. 

He agreed that there was no absolute 
standard of safety and reliability, unless the 


’ aircraft sat on the ground all the time—and 


then it would not carry passengers very far! 
But once they had arrived at a compromise, 
it was necessary to make a very close study 
of the economy that could be attained with 
the standards of safety that were necessary. 

As to turbines versus reciprocating engines, 
bearing in mind the conditions in Europe and 
the prospect of those unsuitable conditions 
remaining for some time, he agreed that if 
they wanted to be certain of having something 
which worked, with the airfield conditions, 
ground aids, and so on that were likely to 
exist, the reciprocating engine was probably 
the right thing to use. 

The problem of speed and _ revenue 
depended very much on whether the traffic 
in a given area would carry the increased 
frequency that must go with increased speed. 
If it were decided that a certain utilisation 
per annum was necessary for economy, and 
if then the speed increased, that increased 
speed could only be used at the same utilis- 
ation if the frequency of operation were 
correspondingly raised; if people did not use 
fully the aircraft which gave the higher 
frequency, the operators might not achieve 
the economy they had thought they would 
achieve from the higher speed. So that very 
much depended on a complete study of the 
whole area. 

Mr. Tye: The best information he had been 
able to get in reply to the question about 
icing, was that cancellations of B.E.A. services, 
because of fog or ice in the London area, were 
in the ratio of about 2 to 1 from these causes 
respectively. As to whether they should go 
in for the best de-icing equipment in the air- 
craft or for better forecasting, he believed 
they must have the best de-icing; and what- 
ever the forecasting, if the ground aids were 
not so good that the aircraft could denend on 
coming right in without any waiting, the 
aircraft might be forced to fly around in ice 
while waiting to come into the airfield, and 
if it iced up under those conditions it might 
have very serious trouble when it did come 
in to land. 

As to the effect of 1.C.A.O. on safety. 
whether the tving down of the operator, pro- 
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vided that he obtained the right information 
from I.C.A.O., would lead to more or less 
safety, he was not sure, but he felt it was 
likely to lead to less economy without very 
much increase of safety. It was better to 
have reliability and allow operation to 
standards which would give safety, with the 
information given to the operator. 

Mr. Patmore: The whole problem of main- 
tenance was one they did not understand very 
well, and he suggested that Mr. Kaiser's 
reference to research and development with a 
view to deciding the life of components would 
provide the answer. 

Mr. Scott Hall: He did realise that there 
were great difficulties and that operators had 
serious responsibility. Civil aviation was still 
in the development stage, despite all the back- 
ground in the United States. A very great 
deal of the operation there had been done 
with one type of aeroplane, the DC-3, and 
immediately new types of aircraft were intro- 
duced into a given area troubles began. 

He would not agree that there was a 
tendency to rely on the Ministries for all the 
good ideas. 

He agreed that it was necessary to obtain 
the right types of aircraft at the right time; 
but it was difficult sometimes. 

Mr. Calvert: He had seen Mr. Calvert's 
arrangement of high intensity lighting, and so 
on, and was extremely impressed by it; any- 
one who was interested ought to make sure 
of seeing it, because high intensity lighting 
in conditions of low visibility was important. 
If, as Mr. Calvert had claimed, it was visible 
from 2,000 ft. in a fog such as had been 
experienced that morning, it took them a long 
way towards the answer to their problem. It 
was particularly valuable because it was on 
the ground; it was also reasonably cheap, and 
did not entail the installation of a lot of 
highly developed equipment in aircraft; the 
installation of the latter might be possible for 
some operators, but some time must elapse 
before some operators and nations could 
adopt it, and while some aircraft were still 
without it. irregularity and unpunctuality 
would persist. 

Squadron Leader Coton: Squadron Leader 
Coton did not favour the automatic pilot for 
blind landings, but his own view was stated 
in the lecture, namely. devise aids to facilitate 
approach in all conditions with full safety 
and allow the vilot to make the critical final 
manceuvre of landing, aiding him as necessary 
by lighting or FIDO or other aids. He was 
not sure that the spoiler control advocated 


35 


il 
il 
h 
t! 
li 
il 
4 
& 
7 
a 
I 
j 
( 
t 
e 
a 
i 
i 
1 
t 
t 
a 
| 
| 
| il 
a 
a 
0 
0 
|| 


tion 
less 
was 
very 
to 
the 


ain- 
very 
er’s 
tha 
yuld 


here 
had 
still 
reat 
lone 
and 
tro- 


sa 
the 


tain 
me; 


art’s 
1 so 
iny- 
sure 
ting 
ant. 
ible 
een 
ong 

It 
on 
and 
the 
for 
pse 
uld 
still 
lity 


der 
for 
ted 
tate 
fety 
nal 
ary 
was 
ted 


PROBLEMS FACING CIVIL AIR OPERATIONS 


by Squadron Leader Coton would effect the 
improvement he expected. If he meant what 
he said, that flight speed was to be kept con- 
stant in the approach, then the flight path, 
in space, would vary with wind strength, 
which surely would not do. In this respect 
he thought the deck landing problem was 
quite different. 

A very real point had been made in 
the comment on traffic control and the 
importance of aids for taxying to ensure that 
runways were cleared without delay. Taxi 
lights seemed to be the best solution at this 
stage. 

Mr. March: The implication in the 
reference to charter and private flying seemed 
to be that as much as possible of the low 
visibility aids to approach and landing should 
be on the ground. He agreed with this, as a 
principle, provided that it did not involve 
unduly expensive equipment, training and 
manpower, and promoted the maximum 
utilisation of major airports by the main 
users. 

Mr. March’s views on G.C.A. were most 
interesting; he held no brief for I.L.S. and 
$.B.A. In the text of the paper he stated 
what he considered to be the broad under- 
lying principle of air traffic control, i.e. the 
promotion of maximum overall economy. 
The time for clearing the runway might be, 
as Mr. March said, the final criterion of 
landing rate; it was therefore of great impor- 
tance to develop the best aids to taxying in 
low visibility conditions. 

Mr. Roberts: He understood the question 
(a) to apply to short and medium stage dis- 
tances, say 800-2,000 nautical miles. 

To judge from past experience, the payload 
capacity of the unit would steadily increase, 
e.g. the use of the DC-4 and projected wide- 
spread use of Martin 202 and Convair for 
systems previously operated by DC-3. Taking 
a broad average, the number of seats /aircraft 
in operation in U.S.A. domestic airlines 
increased about fourfold between 1932 and 
1946. The curve showed no abatement in 
the rate of increase. A continuance of this 
trend would result in steadily increasing the 
all-up weight of aircraft operating given route 
systems. Increased cruising speeds would 
probably lead to expansions of route systems 
in the direction of more non-stop runs, such 
as the trans-continental system now being 
actively developed in U.S.A. This type of 
Operation would naturally force development 
of large aircraft: hence, depending on the 


route system, he expected the figure of 
150,000 Ib. all-up weight to be exceeded 
within ten to fifteen years. 


He thought they would need new airfields. 
He also suspected that existing airfields 
might be found, in many cases, susceptible of 
comparatively simple development to take 
high overloads. Hard standings might be the 
worst problem at these overloads. 


In reply to (a) (ii), the true capacity of an 
airfield in relation to reliable operation, i.e. 
regular, punctual operation, was its capacity 
in LF.R. conditions. In his view the most 
immediate contribution towards increasing 
this capacity was likely to be efficient 
approach runway and taxi way lighting, such 
as proposed in the R.A.E. scheme. 


With regard to navigational aids, which he 
took to include short- and long-range aids, he 
thought they could look for improvement in 
some of the existing aids, but agreed that they 
must aim to simplify cockpits and not only 
by reducing the amount of equipment to be 
operated, but also by a new approach to lay- 
out, with special reference to the critical 
operations of blind flying and blind approach. 


He thought that jet propulsion would not 
be used for civil aviation if it entailed the 
strict limitation to fair weather suggested. 
But there was no reason for such limitation, 
provided that navigational approach and 
landing aids were developed to avoid holding 
at airports, and that they operated at reason- 
ably low speeds in rough air. 


Mr. Stratford: He agreed generally with his 
remarks. The problem of aircraft types for 
a route system was the real one facing the 
operator. It was the problem of serving the 
system efficiently with the minimum number 
of types for all purposes, passenger, mail, 
cargo. Its solution involved compromise; but 
fundamentally no realistic solution was 
possible without accurate forecasting of the 
economic future, the trends of industry and 
business. Unless the engineer had good 
information from the economist he could not 
be expected to specify the best aircraft for a 
given route system. 


Mr. Wilkinson: The question groups were 
well chosen. In addition, he thought the 
operator must be assured of the reliability of 
the component, since one of the worst 
enemies of planned maintenance was the 
random failure, due primarily to lack of 
development. This was borne out by Mr. 
Wilkinson’s own remarks about the propeller 
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turbine. He thought they were faced with a 
very difficult problem in the rapid develop- 
ment of turbine engines to an acceptable 
standard of reliability for civil air transport 
operation. They would not get such engines 
into use in a reasonable time if they waited 
to build up the background of experience in 
actual use, since that could only be done in 
military aircraft, and would take a long time 
under present conditions. He was sure they 
must develop a new technique of accelerated 
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tests to give them the information needed; a 
parallel example was the accelerated cor- 
rosion testing technique which proved such 
a valuable tool in the development of 
aluminium alloys. 

He was in general agreement with the 
comments in the final paragraph of Mr. 
Wilkinson’s remarks, but the formula he 
adduced was intended to apply to aircraft in 
a given class in which wide variation in the 
factors he mentioned would be unlikely. 
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INTRODUCTION. 


[N the past few years, two problems in 
applied aerodynamics have received much 
attention. The first is the problem of low 
drag in which it is desired to reduce con- 
siderably the drag of aerofoils over a certain 
range of lift coefficient by suitable design and 
construction. The second is the problem of 
increasing the lift in which it is desired 
principally to obtain a higher maximum lift 
coeflicient. 

The low drag problem is satisfactorily 
solved in the case of fairly thin aerofoils by 
the maintenance of an extensive region of 
laminar boundary-layer flow over the aero- 
foil’s surface, and the relevant criterion of the 
pressure decreasing along the surface is now 
well known. For thick aerofoils (say, of 25 
per cent. thickness and more) separation of 
flow must first be prevented for a reduction 
of drag and this may be achieved by any one 
of various methods of boundary-layer control. 

The usual solution to the maximum-lift 
problem has been the use of flaps, but the 
demand is for still greater max. C,’s. There 
are two general possibilities: the first is to 
ensure that the lift increases with incidence 
beyond the normal stalling point, and the 
second is to increase the lift at a given 
incidence above the Kutta-Joukowski value. 
Both these methods appear to demand the 
use of boundary-layer control in some form. 

In this paper a method will be described 
which, in a sense, provides a solution, at any 
rate for thick aerofoils, to both these pro- 
blems at once. It will be shown how lift may 


be obtained without a corresponding inci- 


dence by using a type of flap which moves 
around a well-rounded trailing edge through 
which continuous suction is applied. A dis- 
cussion of the device may be found in 
Reference 1. 

In this way, it is possible to double the 
range of C,’s for which laminar flow is 
obtainable, and to obtain high C,’s. These 
results are possible for any fixed incidence, 
and thus the embarrassment of high angles of 
incidence is avoided. Aerofoils fitted with 
this flap have several other interesting pro- 
perties which will be explained below. 
Clearly, proper design of such aerofoils is 
just as necessary for good results as with 
ordinary low-drag aerofoils. 


1. FUNDAMENTAL IDEA. 


Consider the two-dimensional flow of a 
uniform stream past an aerofoil. The well- 
known Kutta-Joukowski hypothesis states 
that the strength of circulation about an aero- 
foil is such that the velocity in potential flow 
at the trailing edge is finite. 

The accuracy of this hypothesis improves 
in general with the sharpness of the trailing 
edge and, in fact, aerofoils are designed with 
sharp trailing edges so that the degree of 
dependence of lift on incidence is as great as 
possible. 

Suppose that for a certain aerofoil this 
correspondence between circulation and inci- 
dence is not required. Then in potential flow, 
the rear stagnation point is not situated at a 
fixed point. No singularity may occur either 
outside or on the aerofoil’s surface, for at 
such a point a condition is imposed by the 
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steady flow of real fluid. Thus the aerofoil 
may have no sharp edges or cusps on its 
surface and indeed, should be well-rounded, 
especially near the trailing edge. We now 
suppose that continuous suction* is applied 
over parts of the aerofoil’s surface in such a 
way that separation of flow is entirely pre- 
vented. It may be found desirable after 
experimental investigation that not only 
separation be, prevented, but that the 
boundary-layer thickness everywhere be less 
than a certain length. Under these circum- 
stances a potential flow can be found to 
represent closely the real fluid flow if the 
circulation is known. The converse problem 
is to produce a flow with circulation about 
the aerofoil to correspond to a calculated 
potential flow. 

If a potential flow is calculated about an 
aerofoil (in which the circulation chosen is 
arbitraryt) the dividing streamlines are 
known. In the real fluid, let a thin solid 
boundary or flap be placed along the calcu- 
lated rear dividing streamline to extend from 
the aerofoil’s surface to a certain point down- 
stream. The hypothesis is then made that 
the steady flow of real fluid past the aerofoil 
will approximate closely to the calculated 
potential flow with the circulation. 

Let us examine the process by which this 
circulation is obtained. The two most 
interesting cases are when (a) the flow is 
started from rest with the flap in position and 
(b) the flap is moved from one position to 
another. Consider, for simplicity, a circular 
cylinder—for flow about a circular cylinder 
the dividing streamlines are almost straight 
and normal to the surface for a distance of 
half a radius from the surface, at any rate for 
small lift-coefficients, say for C, <4. 

If the flow starts from rest with the flap 
deflected and continuous suction suitably 
applied, potential flow without circulation 
will occur initially in which there is a stag- 
nation point on one of the flap’s surfaces and 
a very large velocity round the edge of the 
flap. A vortex is soon formed near the end 
of the flap which is carried downstream, thus 
leaving a certain circulation about the cylin- 


*In this type of boundary-layer control, a porous 
surface is used for which the size and spacing of 
the pores are small in comparison with boundary- 
layer thickness. Air is then withdrawn contin- 
uously from the boundary-layer through the 
surface. 

+We must impose the restriction on the magnitude 
of circulation that there shall be two (or at least 
One) stagnation points on the surface. 
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der. The flow continually adjusts itself in 
this way, vorticity being carried downstream 
at a certain rate with the circulation being 
changed correspondingly, until a steady state 
is reached. This steady state will occur when 
the velocity at the end of the flap is finite, 
which will correspond to the potential flow 
of which the flap is part of the rear dividing 


streamline. In this way the calculated cir- 
culation is set up. 
Similar mechanism applies when in 


uniform flow the flap is moved to a new 
position. When a steady state is reached, a 
movement of the flap will result immediately 
in a stagnation point on the surface of the 
flap and a very high velocity round its end. 
A vortex will form and be carried down- 
stream causing a change in circulation and 
again the flow will adjust itself until the 
velocity at the end of the flap is finite and the 
total rate at which vorticity is carried down- 
stream is zero. 

These physical happenings are illustrated in 
Figs. 1 and 2. 

We have seen how any circulation* may be 
obtained for an aerofoil at a given incidence 
in a uniform stream. The only requirements 
are continuous suction to prevent separation 
of flow, a well-rounded shape and a suitably 


shaped and placed flap. Aerofoils using this | 


principle possess some curious properties and 
possibilities which can be exploited most 
fully by good design, and we will now deal 
with such considerations. 


2. PROPERTIES, POSSIBILITIES AND 
DESIGN OF SUCH AEROFOILS. 


Some results concerning the aerodynamic 
behaviour of such aerofoils will first be 
quoted. Their derivation appears in refer- 
ence 2. For an ordinary aerofoil whose C, 
is (approximately) proportional to the inci- 
dence, the centre of pressure is near the 
quarter chord point and is fixed only if the 
moment at zero C, is zero. The moment 
varies with C,, or incidence, also. 

One of the more obvious advantages of the 
independence of incidence and circulation is 
the ability to use an aerofoil at a constant 
incidence, variations in C,, being obtained by 
movement of the flap. We will therefore con- 
sider for the moment an aerofoil which has 
a constant incidence to the stream. For such 
an aerofoil it can be shown that neither the 
moment coefficient nor the line of action of 


*With the restriction given in the + footnote 
opposite. 
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the lift force varies with the lift coefficient. 
In general for such an aerofoil, the line of 
action of the lift force may pass through any 
point of the chord. However, for an aerofoil 
which is both symmetrical and at zero 
incidence, the moment coefficient is always 
zero and the line of action of the lift force 
passes near the mid-chord point. For a 
doubly-symmetrical aerofoil, C,,=0 and the 


POTENTIAL FLOW 
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VORTEX 1S SHED LEAVING 
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THE FLAP 
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DIAGRAMS NOT TO SCALE 
Fig. 1. 


STEADY MOTION 
WITH FLAP DEFLECTED 


FLAP DEFLECTED FARTHER. 
MORE VORTICITY SHED FROM LOWER 
THAN FROM UPPER SURFACE OF FLAP 


STEADY MOTION AGAIN 


STREAMLINES 


EDGE OF BOUNDARY - LAYER Lae 
CY VORTICITY 
DIAGRAMS NOT TO SCALE 

Fig. 2. 


lift force acts through the mid-chord point. 

Use of such an aerofoil would therefore 

involve very simple control problems. 
Consider now the requirements in design 

of aerofoils to be used with the flap. The 

ability to obtain lift independently of 

incidence renders change of incidence un- 

necessary (except possibly in a case which 

will be mentioned later) and we can restrict 

ourselves immediately to the case of zero 
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C, RANGE AT 0° 


44-65% THICK 


INCIDENCE -0:74£C,£0-74 


T.FAY 
9-51 

Fig: 3: 
incidence. First, the extent and amount of tinuous suction required in this example 


continuous suction should be minimised and 
this can be accomplished for a range of C,’s 
by ensuring laminar flow over as great a part 
of the surface as possible. Elsewhere, where 
the pressure rises suction will be applied. 
This requirement is thus very similar to the 
ordinary low-drag requirement for conven- 
tional aerofoils, and is satisfied by decreasing 
pressures over a large part of the surface for 
a range of C,’s. 

In the design of ordinary low-drag aero- 
foils, it is usual to design so that the velocity 
at the top of the C,, range is constant over the 
front part of the upper surface. Over the rear 
part it will, of course, decrease to the trailing 
edge. For aerofoils to be used with the flap, 
we can go further and postulate a constant 
velocity over the whole of the upper surface 
at a certain lift-coefficient.* Below this C,, 
the velocity will increase up to mid-chord 
then decrease. Above this C,, the velocity 
will have a sharp maximum near the leading 
edge, decrease and increase again to a maxi- 
mum near the trailing edge. The velocity 
on the lower surface for C,>0 will have a 
maximum at mid-chord. The extent of con- 


*An interesting theorem states that it is impossible 
for the velocity to increase over the whole upper 
surface, although a constant velocity is possible. 
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would appear to be the rear half of the 
aerofoil’s surface. This area of suction could 
be decreased by designing the aerofoil to have 
falling pressures for a range of C,’s over, say, 
70 per cent. of the chord. This, however, 
would result in an aerofoil having its maxi- 
mum thickness and centre of pressure behind 
mid-chord, although C,, would be zero. For 
this type of aerofoil flying at zero incidence, 
the C, range, or laminar flow range, is 
approximately double that for an ordinary 
aerofoil of similar thickness, which alone 
would make possible considerably improved 
performance. 

Another advantage in using an aerofoil at 
zero incidence is that the maximum velocity 
for a certain C, and thickness is less than that 
for an ordinary aerofoil in similar circum- 
stances. Thus it is probable that a higher 
critical Mach number can be obtained by use 
of such an aerofoil. 

Figure 3 displays the doubly symmetrical 
aerofoil T.F.A. V of 14.65 per cent. thickness 
which has a C, range of — .74<C,<.74, and 
for which the velocity on the upper surface 
equals 1.27 at C,=.74. This example of a 
thin aerofoil is given to facilitate comparison 
with similar ordinary aerofoils. It may be, 
however, that the practical advantages of 
using the flap increase with the thickness 
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(providing there are no adverse effects from 
compressibility), and it should be pointed out 
that aerofoils similar to T.F.A. V can be 
designed for any thickness. For instance, for 
one of 53 per cent. thickness, the C,, range is 
~7.8<C,,<7.8 which is very large. 

The behaviour of these aerofoils at very 
high lift must be considered. As the C;, is 
increased above the ,top of the C,, range at 
zero incidence, the velocity maximum near 
the leading edge will increase and eventually 
separation will occur near the leading edge 
of which the final effect will be the stall, in 
which further deflection of the flap will pro- 
duce no increase of lift. This state of affairs 
may be avoided by decreasing the incidence 
in a suitable way outside the zero-incidence 
C, range. Suppose, for example, that the 
incidence is decreased so that the leading 
edge is always at stagnation point. Then the 
velocity will always increase over the front 
part of the aerofoil and large adverse velocity 
gradients will not occur, except near the trail- 
ing edge at which the continuous suction will 
prevent separation. Thus the usual stalling 
characteristics will have been avoided and 
very high C,’s would appear to be possible. 
Furthermore, the embarrassment caused by 
the high incidences of some modern aircraft 
on landing is entirely avoided: indeed the 
pilot would obtain an excellent view of the 
ground! The argument can be followed 
easily from Fig. 4 which demonstrates the 
velocity distribution over an ellipse whose 
incidence is decreased as the C,, increases. 

It is possible that the flap may provide a 
solution to another problem that has recently 
become important. When a large aircraft 
flies into a gust of wind the sudden change in 
lift may be too great for the aircraft frame to 
withstand. The solution is being sought in a 
form of control which will keep the C, con- 
stant throughout a change of incidence. 
Consider a wholly rounded aerofoil provided 
with continuous suction to prevent separation 
with a certain circulation in a uniform stream. 
Then a change of incidence will not be 
accompanied by a change in circulation. The 
gust problem is therefore reduced to that of 
setting up near-potential flow with circulation 
about a rounded aerofoil. This can be done 
by using the flap in the ordinary way so that 
the required circulation is set up and then by 
withdrawing wholly the flap into a slit in the 
aerofoil so that the circulation is unchanged 
during withdrawal. A rounded aerofoil is 
thus left with a certain circulation which will 
not change with incidence. 
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LOWER SURFACE 


20% THICK 
VELOCITY DISTRIBUTION FOR VARIOUS C,="S WHEN LEADING EDGE IS A 
STAGNATION POINT 


Fig. 4. 


Finally, we must examine the forces acting 
on the flap. In steady flow, since the flap is 
thin, the velocity of fluid will be equal at 
corresponding points on either side and 
therefore the force on the flap is zero. When 
the setting of the flap is altered, a force must 
be applied to it until the appropriate amount 
of vorticity is shed and once again steady 
flow exists. No examination has been made 
of the stability of the flap when it is left free 
to move about the equilibrium of a certain 
steady flow. If it is stable, then another 
solution of the gust problem presents itself 
in which an unrestrained flap will, during 
changes of incidence, adjust its position auto- 
matically to ensure a minimum amount of 
asymmetry in the flow past it and hence, a 
minimum change in circulation. 


3. EXPERIMENTAL WORK. 


The flap was first fitted to a completely 
porous cylinder. The cylinder was made of 
Porosint* material Grade C and is 1} in. in 


*Made by Sintered Products Ltd., Sutton-in-Ash- 
field, Nottinghamshire. 
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diameter and 6 in. span. It is fitted between 
false walls in a square working section. A 
single pressure hole was fitted in the surface 
which could be placed at any angular position 
by rotation of the whole cylinder. The 
straight flap was 3 in. long and could be 
rotated, normal to the surface, about the 
centre line of the cylinder. The range of 
deflection was about +40 degrees about the 
zero C, position. 

The amount of suction applied, given by 
C,R'! = 62%, was sufficient to reduce to zero 
the total head loss behind the cylinder. This 
quantity is, of course, much greater than is 
required to obtain a wake drag coefficient 
comparable to that of a thin low drag aero- 
foil. If a rough criterion to determine when 
separation occurs is used, the quantity 
required to prevent separation of flow was 
found to be given by CgR?~= 13.7 which is a 


+If QO is the total quantity sucked per second. 
Cy =(Q/Ucs). 
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value very close to various theoretical pre- 
dictions. This is most encouraging for it gives 
experimental verification to theoretical results 
concerning continuous suction which thereby 
is shown to be more economical than suction 
at a slot. 

The pressure distribution was measured on 
the cylinder for some low angles of flap 
deflection, and the C,, estimated for greater 
deflections by measuring the minimum 
pressures on the upper and lower surfaces. 
In Fig. 5, a typical velocity distribution is 
shown graphically; here, the flap deflection 
is 10°. The theoretical distribution for the 
same deflection in an infinite stream is drawn 
and it is remarkable that the experimental 
curve lies so closely to the theoretical curve. 
In Fig. 6 the experimental lift curve is com- 
pared with the theoretical curve. Initially 
the experimental lift-curve slope is about 8&5 
per cent. of the theoretical value of 47. As 
the deflection increases, the agreement 
worsens, but a C,, of 5.5 is reached for a flap 
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deflection of about 40°. The effect of the 
tunnel interference or of the shape and size 
of the flap at large deflections, remains to be 
investigated. 

It is clear from this experiment that the 
flap does, in fact, produce circulation as pre- 
dicted. A further experiment is being made 
on T.F.A. IV, an aerofoil similar to, but 
thicker than, T.F.A. V shown in Fig. 3. 


4, PRACTICAL CONSIDERATIONS. 


Although it is not the purpose of this paper 
to consider applications of the flap, a few 
observations on the practical aspects of its 
use are not amiss. 

Although the principle is valid for any 
thickness of aerofoil it is probably true that 
the greater the trailing edge radius of 
curvature the better and therefore, that the 
flap is particularly suitable for aerofoils of 
large thickness. This in turn, indicates a low 
speed (as speeds go, nowadays) for fear of 
compressibility troubles. Considering the 
very large C, range obtainable on such an 


— aerofoil of, say, 50 per cent. thickness it is 


natural to think of a slow aircraft designed 
for very heavy loads at a cruising C,, of 1 
or more. 

The problem which is common to all appli- 
cations of continuous suction and which 
must be thoroughly investigated, is the con- 
struction and maintenance of a suitable 
porous surface for full-size aircraft. The 
surface must satisfy the porosity requirements 
of §1, the loss of head through it should be 
as low as possible and it should not easily 
become clogged. Its weight should be small, 
but it must withstand and transmit aero- 
dynamic pressures. These problems are not 
at all easy, but they must be solved before 
a full-scale aircraft can be built incorporating 
continuous suction in any of its several 
applications. Fundamental principles of 
\arious types of boundary-layer control have 
now been firmly established in experiment. 
and it is now necessary that detailed work be 
undertaken on these practical problems. 

In thinking about the fossibilities of 
obtaining high C,’s at zero incidence, it is 
natural to enquire whether it is not possible 
to obtain a very high C, by more ordinary 
means. It may not be entirely out of place. 
therefore, to include in this paper Fig. 7 
which shows C.V.A. IL. This is a very thick 
acrofoil designed to have a constant velocity 


of 2.63 over AB and a constant velocity of: 


38 over ACDB, at a C, of 6.6 and at 


INCIDENCE 


if EXPERIMENTAL CURVE 
f FOR CYLINDER 
THEORETICAL CURVE 
2L FOR INFINITE STREAM 


4° 8° «12° 16" «20° 24° 28° 32° 36° 40° 
DEFLECTION OF FLAP «<° 


Fig. 6. 


zero incidence. For this aerofoil C,,=0. 
Boundary layer suction must be applied at a 
slot near B to prevent separation. It may 
well be that some such high-lift aerofoil as 
C.V.A. IT has a useful application. 


CONCLUDING REMARKS. 


We have seen that it is possible to produce 
circulation about a body in a uniform stream 
independently of the incidence. Although 
the only necessary restriction on the shape 
of the body is that it must be well rounded, 
especially near the trailing edge, nevertheless 
in the application to aerofoils it is advan- 
tageous to design the aerofoil to have certain 
properties. The advantages which may be 
obtained by using an aerofoil fitted with the 
flap, instead of an ordinary aerofoil, may be 
summarised as follows :— 


(i) It is possible to fly with the aeroplane 
in a constant attitude and, in par- 
ticular, with the aerofoils at zero 
incidence. 


(ii) The usual combination of flaps and 
ailerons may be unnecessary, since not 
only are high lift coefficients possible 
but also the lift of the two main planes 
may be varied independently. 
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(iii) 


(iv) 


(\ 


(vi) 


(vii) 


(vill) 


(ix) 
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If very high C,’s are required, the 
usual separation of flow near the lead- 
ing edge may be avoided by decreasing 
the incidence as the lift increases. 

By virtue of (ii) and (ii), high inci- 
dences at landing, which are now often 
an embarrassment, are avoided. 

By correct design, laminar flow can be 
achieved over a large part of the aero- 
foil’s surface. 

A very large C,, range can be obtained, 
which is approximately double that of 
ordinary low-drag acrofoils of similar 
thickness. 

The centre of pressure is constant for 
all C,’s at a fixed incidence and is 
close to the mid-chord point for zero 
incidence. 

The moment coefficient is independent 
of C, for a fixed incidence, and is 
always zero for a symmetrical aerofoil 
at zero incidence. 

A very low maximum velocity may be 
obtained, thus ensuring a high critical 
Mach number. 


%=263 AT C,=6°6 


= 038 aT C,=66 
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= 0-38 


(x) Doubly symmetric aerofoils are recom- 
mended for use, which also have the 
advantage of simple construction. 

(xi) If the flap is wholly retracted there can 
be no change in circulation and thus 
gusts can be encountered with greater 
impunity. 

(xii) The forces on the flap in steady flight 
are zero. 


Experimental work has been done which 
fulfils to a great extent theoretical predictions 
and it seems, therefore, that provided some 
development work is done as suggested in 
$4, flight tests could profitably be made to 
demonstrate on the full-scale the possibilities 
of the flap. 
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THE KINEMATICS OF UNDERCARRIAGE 
RETRACTION 


by 


H. G. CONWAY, M.A., F.R.Ae.S. 


Technical Director of British Messier Ltd. 


1. INTRODUCTION. 
BACH time a new undercarriage design is 
laid down by an aeroplane or under- 
carriage designer, the geometry of the 
undercarriage retraction system has to be 
investigated. This often involves a review of 
known solutions and since the designer can- 
not be expected to remember all these known 
solutions, the following notes have been 
prepared to put on record most of, and 
possibly all, tne known solutions. 


2. FUNDAMENTAL RETRACTION 
MECHANISMS. 


The basic linkage from which nearly all 
solutions are derived is the well-known four- 
bar linkage, as illustrated in Fig. 1. Links 
A and C rotate, link B is “floating,” while 
the airframe forms the fourth link. 

Figure 2 is the classic solution where the 
undercarriage leg is the rotating link A, the 
links B and C forming an articulated radius 
tod or folding stay. They may obviously 
fold either way. 

Figure 3 is another tyre where the under- 
carriage leg is the floating link B and 
therefore the wheel does not retract along an 
arc. In fact, it can be made to retract almost 
vertically but in a direction away from the 
two attachment points. In this case the link 
C is a simple strut or guide rod, or bar. 
Landing loads tend to misalign the links A 
and B and therefore these loads tend to 
collapse the linkage. 

Figure 4 is a similar linkage to Fig. 3, 
except that the link A hinges away from the 
others and the wheel comes up between the 
two attachment points. 

Figure 5 shows a particular case of Fig. 3, 
Where the link A is of infinite length and 
therefore the upper attachment point of the 
leg moves along a slot. Strictly, this need not 
be straight. Drag loads may tend to move 
the upper pin along the slot. 


Figure 6 is a similar linkage equivalent to 
a particular case of Fig. 4. 

Figure 7 is a particular case of Fig. 2 with 
the link C of infinite length and therefore the 
end of link B moves along a slot. 

Figure 8 is similar to Fig. 7, except that the 
wheel is retracted the other way. 

Figure 9 is a variation of the slider crank 
mechanism, commonly known as the oscil- 
lating cylinder mechanism. The end of the 
leg member slides down the radius link as the 
latter rotates, but landing drag loads tend to 
collapse the linkage. 

Figure 10 is similar to Fig. 9 but with the 
sliding action down the leg. This is obviously 
superior to the earlier one since landing loads 
(and as drawn, retracted loads) are normal to 
the radius link. 


3. PRACTICAL GEOMETRIES. 


3.1. BASED ON Fic. 2. 


Figures 11, 12, 13 and 14 are straight- 
forward variations of the common type. 
Fig. 15 uses a self-breaking strut (para. 10). 
Figs. 16, 17 and 18 have the jack operating 
directly on the undercarriage, small 
moment arm being provided to break the 
radius rod, directly in the cases of Fig. 17 and 
18 and through a small linkage in the case of 
Fig. 16 which, however, requires an extra 
attachment point. 

Figure 19 is a further variation where the 
radius rod links B and C overlap. As in 
Fig. 17, the jack operates on the under- 
carriage proper and a small offset at the 
other attachment of the jack breaks the latter. 
It will be noted that the radius link C rises 
first and then falls and that the two -links 
B and C are in alignment in both up and 
down positions—an unusual feature. 


3.2. BASED ON Fic. 3. 


Figures 20 and 21 are straightforward 
variations of the basic type shown in Fig. 3; 
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that in Fig. 22 is possible but pointless, while 
Fig. 23 is a useful and interesting use of a 
self-breaking strut formed by the under- 
carriage members themselves. Fig. 44 is a 
further variation classified in para. 6 for 
convenience. 


3.3. BASED ON FIG. 4. 

Figures 24 and 25 are again straight- 
forward, Fig. 26 having the jack carried on 
the structure as in Fig. 17, and Fig. 27 again 
being a self-breaking strut mechanism as 
Fig. 23. 


3.4. BASED ON FiG. 5 
Figures 28 and 29 illustrate obvious 
solutions. 


3.5. BASED ON FIG. 6. 


Figures 30 and 31 illustrate obvious 
solutions. 


3.6. BASED ON FIG. 7 or Fic. 8. 


Figure 32 illustrates one method, the slot 
being arranged with a groove at the end in 
which the end of the stay sits, and which is 
undone automatically by the initial motion of 
the jack. 

Figure 33 is similar, but applied to an 
undercarriage where the shock absorber is 
the central member and the lower link acts 
as a radius rod to guide the shock absorber 
unit and axle. 


3.7. BASED ON Fic. 9. 


Figures 34 and 35 show undercarriages 
retracted directly by the jack, which acts 
when extended as the stay member. 
Obviously the jack could push instead of pull. 


3.8. BASED Fic. 10. 


Figure 36 shows this interesting mechanism 
where the down and retracted loads do not 
come on the jack. Fig. 37 is similar but the 
jack is carried across the structure with suit- 
able offsets at its ends to start the motion. 


4. LINKAGES WHERE THE SHOCK 
ABSORBER MOVEMENT AFFECTS 
THE GEOMETRY. 


Figure 38 is a common variation of Fig. 3 
or 4, where the radius link C is attached to 
the axle and therefore moves over a slight 
are as the oleo deflects. This eliminates much 
of the bending loads on the shock absorber. 

Figure 39 is similar, except that the wheel 
(and possibly its swivel mounting if it is 


castorable) is mounted on an extension of the 
guide rod C. 


Figure 40 is a particular variation where 
the wheel mounting only retracts with respect 
to a deformable triangular frame consisting 
of the oleo and a radius member. 


Figure 33 also comes under this general 
heading. 


5. MULTI-LINK MECHANISMS. 


While, obviously, many multi-link mech- 
anisms can be devised, such complications 
are rarely justified. 


Figure 41 illustrates one known mechanism 
of excessive complexity. 


Figure 42 shows a method of applying a 
jack through a second folding radius rod. 


6. DEFORMABLE QUADRILATERAL 
MECHANISMS. 

There is a special family of mechanisms 
where the shock absorber forms part of a 
quadrilateral, which deforms slightly during 
taxying and is completely deformed during 
retraction. 

Figure 43 illustrates the geometry: the 
shock absorber is placed diagonally across 
a quadrilateral linkage which distorts during 
taxying. The whole is swung out of the way 
by any known means for retraction. The 
same object can be achieved by swinging the 
whole quadrilateral for retraction without 
actually deforming it. 

Figure 44 appears to be similar, but is 
strictly a variation of the type in Fig. 3, the 
link A being approximately parallel to C. 


7. RETRACTION INVOLVING MOTION 
IN TWO PLANES. 


Numerous minor variations of known geo- 
metries can exist when the motion is not in 
a simple plane, as for example, when the 
radius rod is not in the leg retraction plane. 
Those illustrated in Figs. 45, 46 and 47 may 
be of particular interest. 

Figure 45 shows a geometry of the Fig. 2 
type, where the link C moves in a different 
plane to the undercarriage A. 

Figure 46 shows one of the Fig. 3 type, 
where the links A and C again move in 
different planes. . 

Figure 47 shows a complicated solution to 
the problem of sideways retraction when the 
motion is not in a simple plane. The same 
object can be achieved merely by the proper 
inclination of the retraction axis. 
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THE KINEMATICS OF UNDERCARRIAGE 


8. HINGED WHEELS. 


8.1. ROTATION ABOUT THE SHOCK 
ABSORBER AXIS. 

Figure 48 shows a geometry where the 
retraction axis is skew and causes the wheel 
to retract along a helical path to lie flat in 
the wing. 

Figure 49 illustrates a more convenient 
means of achieving the same object, the leg 
remaining in a fore and aft plane while a 
secondary linkage causes the wheel plane to 
rotate about the leg axis. 

Figure 50 is equivalent to the last system, 
but uses bevel gears for the rotation. 

An equivalent means is known for moving 
the wheel plane through 180° in the case of 
side retraction as shown in Fig. 51, while 
complete retraction by rotation of this type 
is known for tail wheels (Fig. 52). 


8.2. HINGED AXLE. 

Figure 53 illustrates a mechanism where 
the wheel axle swings round until it is in line 
with the leg axis prior to, or during, retrac- 
tion. 

Figure 54 shows a wheel fork which hinges 
specially prior to, or during, retraction so that 
the wheel is more conveniently disposed in 
the wing. 

Multiple wheel undercarriages may have 
their wheels separate in some way or other to 
facilitate retraction. 


9. CONTRACTING SHOCK 
ABSORBERS. 


In certain cases it is advantageous to con- 
contract or collapse the undercarriage, prior 
to retraction, to reduce the overall dimen- 
sions of the unit and thus facilitate stowage 
(units where the shock absorber extends 
during retraction, for clearance reasons, are 
also known). 

Apart from purely hydraulic means of 
shortening the shock absorber, the system 
shown in Fig. 55 illustrates a convenient and 
simple mechanical linkage which will achieve 
the desired object, the contraction being pro- 
gressive during retraction. 


10. SELF-BREAKING STRUT 
LINKAGES. 

_ The main types of such linkages are shown 

in Figs. 56 to 61; the action is  self- 

explanatory. 


FIG 56. 


FIG 57. 


FIG 58. 


FIG 59. 


FIG 60. 


FIG 6l. 
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THE ROYAL AERONAUTICAL SOCIETY 


CORRESPONDENCE 


HIGH TEMPERATURE ALLOYS FOR GAS TURBINES 


Sir William Griffiths presented a full and comprehensive review of the position 
with regard to high temperature alloys for gas turbines in his lecture (January 1948 JOURNAL), 
and one could only agree with all that had been said. Much credit was due to the metal- 
lurgists in evolving these high temperature materials, and their enthusiastic co-operation with 
the engineers had gone far in making the gas turbine a practical proposition. 


Progress in gas turbine design would still require all the assistance and co-operation 
that the metallurgist couid offer, if the present tendencies of design were to be met and 
thus enable British gas turbines to maintain the eminent position now held. 


In his opinion it seemed doubtful whether short-time creep tests had any real value 
when endeavouring to assess the behaviour of a material to be used under creep conditions. 
For creep data to be of real service it had to be carried out over periods of time equal to, 
or preferably greater than, the length of life required in service. In the case of land 
installations this would cover a prohibitive space of time and it was to be hoped that the 
physicists would come to the rescue in finding an alternative solution for the assessment of 
creep. 


He agreed that for the fatigue effect of the gas bending stresses in the rotor blades, 
a machine was required to make tests which would accurately reproduce service conditions. 
The Bristol Company had adapted an N.P.L. type of combined stress fatigue machine for 
the purpose of assessing the effect of reverse bending stresses superimposed on a static 
bending stress, at normal and elevated temperatures up to 800°C. utilising hollow test 
pieces. In addition, they had in operation a similar machine modified to apply reverse 
bending stresses to a turbine blade at temperatures up to 800°C., which was proving of 
value in enabling comparisons to be drawn showing the effect of alterations in production 
technique, changes in blade profile, and similar modifications. 


It was intended to build in the future another machine for testing blades with reverse 
bending stresses, superimposed on a static tension and a static bending stress at elevated 
temperatures, which would enable service conditions to be simulated at critical points in a 
blade, although the frequencies would be considerably lower. Another apparatus contem- 
plated would give reverse bending stresses at full operational frequencies and temperatures. 


He agreed that the damping capacity of the blade material was of small importance in 
relation to the mechanical damping of the fir-tree attachment, but it should be remembered 
that at running temperatures the rotor rim tended to close on the blade root attachment 
and under many conditions gripped it very tightly, thus greatly reducing the mechanical 
damping. It might be that variation of initial fit under cold conditions, combined with this 
effect, was a cause of isolated blade failures. 


Referring to the physical properties of blade materials, it was agreed that from a 
stress point of view the lower the specific gravity the better. He would point out that, while 
the main loading was centrifugal in the case of some turbines, in other designs this loading 
was smaller and the fluctuating bending stresses arising from the gas loading predominated, 
resulting in fatigue properties taking precedence over creep. This was the tendency with 
turbines designed for long operating life, although the position was obviously affected by 
the relative creep and fatigue properties, at the relevant operating temperatures, of the 
material adopted. 


He would emphasise that, in order to apply the results of the fatigue tests he had 
mentioned to the design and development of turbines in a rational and qualitative way, 
it was essential to develop a technique for measuring the amplitude and frequencies of the 
blade vibrations under running conditions. At present. therefore, the fatigue data could 
only be applied on a comparative basis. 

He was prepared to agree that usually the nozzle guide vanes were not subjected to high 
stresses on Whittle type engines, but conditions could be vastly different in a multi-stage 
turbine. There, the stator blades could not be supported at both ends and might, in addition, 
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be called upon to support a large diaphragm subjected to an appreciable pressure 
differential. In these circumstances, stresses could assume large proportions and creep 
strength became of major importance. 

F. M. Owner, Fellow. 


Chief Engineer, Engine Division, The Bristol Aeroplane Co. Ltd. 


He was gratified at the extent of the agreement with his remarks expressed by one so 
experienced in the subject as Mr. Owner. 

He was interested in what Mr. Owner had said about the Bristol Company’s use and 
development of machines measuring the effect of combined creep and fatigue stresses. The 
devising of a suitable testing equipment of this type would certainly assist in the more 
rapid development of alloys to meet increasingly severe service conditions. 

He thanked Mr. Owner for pointing out that in some circumstances the stresses 
imposed on nozzle guide vanes were appreciable. He agreed that there were such cases, and 
in these the advisability of using the same alloy for moving and stationary blades was 
naturally worthy of consideration. Indeed, in some designs this was already being done. 

Sir William Griffiths. 
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Fig. 7 


Design data at one temperature (650° for the alloy ‘“‘Nimonic 80’’) 


This figure is a corrected version of Fig. 7 of Sir William Griffiths’ paper “The Problems of High 
Temperature Alloys for Gas Turbines,’’ published in the January 1948 Journal. 
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THE ROYAL AERONAUTICAL SOCIETY 


REVIEWS 


Birds on the Wing. John Barlee. Collins, London, 1947. 12s. 6d. net. 


There is only one comforting reflection about the modern craze for speed, that is that 
there is an upper limit. At present those who still believe that speed is the greatest asset the 
aeroplane has to sell are busy beating the speed of sound. That safely behind them, one 
expects in succession a series of higher and higher speeds to be attained. The comforting 
reflection, however, remains, that the speed of light can only be beaten when the ultimate end 
of all things has arrived. 


Yet, with such a comforting reflection there will still remain, as long as the present 
general design of aircraft dominates, the problem of take-off and landing at ever-increasing 
speed from ever-increasing aerodromes. 


“Birds on the Wing” is a sobering book. Those who know assert that the evolution of 
the bird was a matter of many hundreds of thousands of years and that its present graceful 
landing and ease of flight were not obtained by Nature without the building of many pro- 
totypes. Perhaps the time element may have deterred aircraft designers from paying the 
proper amount of attention to the landing and take-off problem, but Nature has done so 
much that, despite the great difference in the Reynolds’ numbers of Nature and of the aircraft 
designer, it might still be worth the latter’s while to have another look at the bird. 

Here are beautiful photographs, beautifully reproduced of birds in flight, and a text 
written so understandingly that one envies every minute the author spent preparing this 
book. His photographs of swans in flight, the tern attacking, the fulmar, the gannet and the 
gull, to name only a few, are a delight to the technical as well as the non-technical eye. 

This is a book which anyone who flies an aeroplane should have, and anyone who 
designs an aeroplane must have. 


Atomic Challenge. Winchester Publications Ltd., London, 1947. 8s. 6d. net. 


“Atomic Challenge” is the publication of the B.B.C. “Atomic Week” broadcasts by 
Professor J. D. Cockcroft, M. L. Oliphant, P. M. S. Blackett, Group Captain G. L. Cheshire, 
Dr. J. Bronowski, Sir George Thomson, Captain Cyril Falls, Sir Henry Dale, Bertrand 
Russell and Henry Wallace. To it have been added the comments of a number of students 
of different nationalities. 


The publishers have done well to put on permanent record the considered opinion of 
so many atomic experts, and of many who are not experts at all. There is the point of view 
of Miss Helga Wolpert, twenty-two year old student, of Russo-Polish descent. She is a 
fatalist: “I can suggest no concrete solution of the problems which it throws up. ‘Desperate’, 
indeed, but what can a fatalist do against so many people determined to commit mass 
suicide?” 


“The human race has to choose between utter disaster and unexampled well-being—no | 


middle course is any longer possible,” says Bertrand Russell. 


Professor Cockcroft is historically non-committal and Professor Oliphant follows suit, 
while Professor Blackett is hopefully peaceful. Group Captain Cheshire flew as British 
operational observer in the aircraft that droppped the first atomic bomb on Japan. 

“If man persists in claiming atomic energy for himself and entrusts its custody to 
purely human wisdom, then I for one hold little brief for the future of civilisation.” 

And so on. 


The outlook of man at the present time is one of fear—fear of an atomic war—fear of | 


slave domination—fear almost indeed of living at all. And as long as man is afraid to live 
then he must surely die. 


But why he should be afraid of himself and of his own creations, is something which 
has puzzled the reviewer for many years. 


“Atomic Challenge” does not provide a solution to the puzzle. 
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High-speed air delivery now enables 


this leading international 


aviation 


journal to reach 


its many Canadian and American readers on the 


day of publication 


A special air delivery service for North 
American readers of ““ The Aeroplane” ! 
Already, copies are mailed direct to regis- 
tered readers in 75 countries, and now 
bulk supplies are being flown across 
the North Atlantic and by inland air 
routes to reach regular readers through- 
out Canada and the United States 
every Friday. This high-speed service 
affords the British aircraft industry 
immediate representation in the heart 
of the hard-currency area and to “ The 
Aeroplane” the distinction of being 
the first British technical iournal to be 
simultaneously available in England and 
North America on the day of publication. 
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SAUNDBERS-RO 


The SR/AI Fighter Flying Boat, powered by two Metrovick ple ge Flow Jet Units 
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